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REPORT OF COMMITTEE NO. XI—ON RECORDS,
REPORTS AND ACCOUNTS.

(Bulletin 107.)

To the Members of the American Railway Engineering and Maintenance

of Way Association:

I.—OUTLINE OF WORK.

The Committee on Records, Reports and Accounts was assigned

the following work for the year:

(i) To revise the "Track Chart" {form M. W. 1016) so that the chart

will show the conventional signs as adopted by the Association.

(2) Recommend any desirable changes in the conventional signs here-

tofore adopted.

(3) Review the subject of "Time Books" and consider a revision of

form M. W. 1008, with a view to preparing a form that may be

uniformly used by all Maintenance of Way departments, offering

a check against irregular practices, and allowing the use of a

daily time report.

(4) Recommend forms for use of the Maintenance of Way department

for preparing detailed estimates of contemplated construction

zvork, this form to be used preliminary to and form the basis

for the summary estimate data embodied in forms M. W. 1017,

1018 and 1019.

(5) Prepare forms for collecting and analyzing rail statistics.

The Committee was notified in May, however, that the subject of

forms for collecting and analyzing rail statistics would be assigned to

the Rail Committee and it would be relieved from any further work

on the same.

In addition to the above, the Committee considered as one of its

subjects a suggestion which was made by one of the members of the

Association at the last meeting to the effect that the Committee should

make a definite recommendation as to the use of single or double lines

on Track Maps.

II.—ORGANIZATION FOR SUB-COMMITTEE WORK.

The general plan of work followed was to assign to sub-committees

the various subjects for discussion, and after a full and complete con-

sideration of these subjects was made by the sub-committees and their
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826 RECORDS, REPORTS AND ACCOUNTS.

conclusions reached, the subjects were discussed at a general meeting

held at Buffalo on September i, 1908.

Circulars that were sent out to the membership calling for informa-

tion and discussion were made returnable to the chairman of the sub-

committee in charge of that particular subject, it being felt that this

plan of handling the committee work would in the end yield better

results than attempting to discuss each subject at general meetings of

the Committee, because of the difficulty of getting anything like a full

membership at all times.

The organization for sub-committee work was as follows

:

Sub-Committee A—Conventional Signs: Track Chart; Single or

Double Lines: A. L. Davis, Illinois Central Railroad, Chairman; J. W.
Orrock, Canadian Pacific Railway; E. E. Hanna, Missouri Pacific Rail-

way; H. J. Pfeifer, Terminal Railroad Association of St. Louis.

Sub-Committee B—Time-Books: Henry Lehn, New York Central &
Hudson River Railroad, Chairman

; J. E. Turk, Philadelphia & Reading

Railway; J. H. Milburn, Baltimore & Ohio Railroad; Paul Jones, Cin-

cinnati & Muskingum Valley Railway.

Sub-Committee C—Estimate Forms: Edward Gray, Southern Rail-

way, Chairman ; C. W. Pifer, Illinois Central Railroad ; V. D. Simar,

Duluth, South Shore & Atlantic Railway; R. W. Willis, Chicago, Bur-

lington & Quincy Railroad.

The outline of the work to be followed and discussions and con-

clusions in connection therewith are as follows:

III.—SUB-COMMITTEE A—CONVENTIONAL SIGNS, Etc.

INSTRUCTIONS.

Instructions given this sub-committee were

:

(1) To discuss with the sub-committee of the Committee on Signaling

and Interlocking the subject of conventional signs indicating

signals and features in connection therewith, with a view to

harmonizing the symbols recommended in the conventional signs

(forms M. W. 1020 and 1021), with the symbols used by the

Signaling and Interlocking Committee in their work.

(2) Review the whole subject of conventional signs after agreeing with

the Signaling and Interlocking Committee to determine what, if

any, changes should be recommended in forms M. W. 1020 and

1021, adopted by the Association in 1907.

(3) Amend the Track Chart, form M. W. 1016, so that it will conform

to the conventional signs heretofore adopted and revised by the

Committee.

(4) Call for a free expression of opinion of the membership with

regard to the use of single or double lines on Track Maps and

formulate a definite recommendation therefor.
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DISCUSSION,

(i) SIGNAL FEATURES.

Pursuant to instructions to confer with the Signaling and Inter-

locking Committee, a joint meeting was held on June 5, and an agree-

ment was reached covering the indications for the following signal

features

:

Battery box. Home interlocking sig- Signal bridge.

Train-order signal. nal. Interlocked switch.

Home automatic block Distant interlocking Interlocking tower.

signal. signal. Automatic bell.

Distant automatic Home disk signal. Derail.

block signal. Distant disk signal.

After a thorough discussion, the joint committee recommended

changing the symbol for train-order signal, as the symbol previously

recommended and adopted would not be suitable on account of other

symbols which it is proposed to add to the list of conventional signs

indicating other signal features, and in addition to that the previously

recommended indications did not consistently represent the form of signal

used for that purpose.

A change was recommended in the symbol for automatic bell. The

change is slight, but was made to conform with the indication proposed

by the Signaling and Interlocking Committee.

A change was recommended in the symbol for derail, the change

being simply the shortening of the triangular-shaped mark indicating

the location of the derail.

Additions are recommended to the conventional signs to cover the

following features

:

Battery Box.

Automatic Block Signal.

Home Interlocking Signal.

Distant Interlocking Signal.

Distant Disk Signal.

(2) CHANGES RECOMMENDED IN CONVENTIONAL SIGNS.

The Committee very thoroughly discussed the whole subject of

conventional signs, and recommended several changes, the reasons for

which are given below

:

(1) Common Water Pipe.

This was changed to read "Company Water Pipe," but no change

was made in the symbol, the reason for the change being that

the word "Common" was a misprint.
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( 2) Pintsch Gas Pipe.

A change in the symbol is recommended so as not to conflict

with the symbol for "City Limits," and the word "Pintsch" has

been omittted, it being thought inadvisable to specify any pat-

ented article.

(3) Sewer Pipe.

A change in the symbol is recommended, which change, in the

opinion of the Committee, represents more nearly the article in

question.

(4) Telegraph Line.

The Committee recommends substituting for this the words "Pole

Wire Line." The reason for this is that there are often wire

lines on the right-of-way that are used for other than telegraph

purposes, and that this should be the general heading, with

words indicating the character of wires and ownership.

(5) Signal Lines.

The Committee recommends the use of the words, "Switch or

Signal Connecting Lines," with the qualifying statement show-

ing the number of wires or pipes, the reason for this being

that such lines are frequently used for connecting up derails

to switchstands or for connecting up a series of switches from

a central point, but not necessarily interlocked or connected with

signals.

(6) Old Tracks to Remain.

The Committee recommends a double line indication for this, to

be consistent with the recommendation in regard to use of

double lines.

(7) Old Tracks to be Moved.

The Committee recommends a double line indication for this, to

be consistent with the recommendation in regard to the use of

double lines.

(8) New Tracks.

The Committee recommends a double line indication for this, to

be consistent with the recommendation in regard to the use of

double lines.

(9) Foreign Tracks.

(10) Future Tracks.

The Committee recommends a double line indication for these, to

be consistent with the recommendation in regard to the use of

double lines.

(11) Abutments, Walls, etc.

The Committee recommends a change in the symbol for this pur-

pose to one representing more nearly the true form and to avoid

confusion with the symbol for City Limits.
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(12) Public Crossings.

The Committee recommends omitting the symbol for Public Cross-

ings, because this symbol really applies to a profile and not a

map.

(13) Private Crossings.

The Committee recommends omitting this symbol, as it really ap-

plies to a profile and not a map.

(14) Mile Post.

The Committee recommends a slight change in this symbol, adding

an indication for the post, in order to make it possible to indi-

cate the exact location of the post on the map.

(15) Yard Limits.

The Committee recommends a change in the symbol to one that

more nearly represents the ordinary form of sign used.

(16) Frog and Headblock.

The Committee suggests substituting the words "Turnout and

Switchstand" and in addition to provide a small indication show-
ing the switchstand itself.

(17) Track Scales.

The Committee recommends adding to the form previously rec-

ommended lines to indicate two rails and an indication for the

scale house.

(18) Water Station.

The Committee recommends the substitution of the words "Wattr

Tank" therefor, as "Water Station" is indefinite and is usually

understood to include not only the tank but the pumping sta-

tion, which cannot always be shown.

(19) Turn Table.

The Committee recommends the use of two lines instead of one

to represent the turntable, and enlarging the circle to make it

more in proportion to similar conventional signs.

(20) Telegraph Pole.

The Committee recommends omitting the symbol for this purpose,

as this is covered in the symbol used to indicate Telegraph Lines.

(21) Water Closet.

The Committee recommends omitting this symbol as being un-

necessary, as this would be indicated the same as other buildings

on the map.

(22) Watch Box.

The Committee recommends the omission of this symbol for the

same reason as the omission of Water Closet.

(23) Turnstile.

The Committee recommends a slight change in this symbol, indi-

cating the posts of the fence, usually used in connection therewith.

(24) Platform.

The Committee recommends adding the words "Or Driveway,"

as this indication wili apply to both.
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(25) Trestle.

The Committee recommends a slight change in this symbol, using

lighter lines for indicating the bents.

(26) Truss.

The Committee recommends a slight change in this indication,

providing for much lighter lines to indicate panel points, as the

previous indications showed such by lines as heavy as those

representing abutments.

(27) Girder.

The Committee recommends a slight change in this symbol for

the same reason, that applies to Trestle and Truss.

(28) Cast-Iron Pipe.

The Committee recommends a change in this symbol, to make it

consistent with other drain pipe indications, and to prevent con-

fusion with the indication for Concrete Pipe, which has been

added to the list of conventional signs.

(29) Incandescent, Gas and Oil Lamps.

The Committee recommends the use of one sign to cover all such

lamps, as these are indications which are rarely used, and no

necessity seems to exist for having a separate indication for each.

(3) RECOMMENDED ADDITIONS TO LIST OK CONVENTIONAL SIGNS.

(1) The Committee recommends the adoption of a symbol to indicate

common drain tile.

(2) The Committee recommends the adoplion of a symbol for Con-

crete Pipe, as this is coming into general use.

(3) The Committee recommends the adoption of a symbol to repre-

sent Ground Wire Conduit.

(4) The Committee recommends the adoption of a symbol for indi-

cating Track Pans, as these are in general use in some sections

of the country.

(5) The Committee recommends the adoption of a symbol to indicate

a Tunnel.

CONCLUSIONS.

In conclusion, the Committee recommends the adoption of the re-

vised list of conventional signs as shown on pp. 251, 252 and 253.

The Committee calls attention to the conventional sign for Street

Railroad on Form iM. W. 1020, which symbol the Committee recom-

mends be used for Common Drain Tile, and that the following sign

be used to represent Street Railroads :
— Mi For lack of

time the Committee has been unable to revise Forms M. W. 1020 and

1022, and recommends that these two forms be referred back to the

Committee for next vear's work.
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Revised Form M. W. 1021.

Conventional Signs, Group 2, Track Maps.

AS SHOWM IN MANUAL OF 1907

Common Water Pipe

Other Water Pipe

Steam Pipe

Compressed Air Pipe

Pintsch Gas Pipe

Sewer Pipe

Telegraph Line

Siinal Line

Old Tracks to Remain

Old Tracks +0 be Moved

New Tracks

Foreign Tracks

Future Tracks

Abutments. Walls, Etc.

Cnbbin6

Bottom of Slope

Top of Slope

Embankments

Cuts

Road Crossings

Public Crossings

Private Crossings

Dimension Lines

Mile Post

Block Signal

G.,e M? of wires

CHANGES RECOMMENDED

BY COMMITTEE

Company Water Pipe

Gas Pipe

: ; : : i 1 1 :

Pole Wire Line

Switch or Signal

Connecting Lines

tea

////////////////////////

mSESMMMMM)

State, if Overhead.

Grade
erhtoi)j(

ubwoy_[_

1

A*
F

ot-htr *,.„ R.d

-c

Oroit-

Om.t

t%

Om.r

CONVENTIONAL SIGNS REARRANGED AND
AS RECOMMENDED FOR PUBLICATION IN MANUAL

Company Water Pipe

Other Water Pipe

Steam Pipe

Compressed Air Pipe

Gas Pipe

Common Drain Tie

Sewer Pipe

Concrete Pipe

Cast Iron Pipe

Arch

Girder

Truss

Trestle

Tunnel

Old Tracks to Remain

Old Tracks to be Moved

Mew Tracks-

Future Tracks

Forei ij>n Tracks

Track flc Yard Studies

Dimension Lines

Bottom of Slope

Top of Slope

Cuts

Embankments

1 1 1 1

1

1 r t

»< mmm

m
=H4

Co'or other than Red

Use simple instead of
double line in 9precftdir>§

MnnmaaMor.ftaTti ft
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Revised Form M. W. 1021.

Conventional Signs, Group 2 , Track Maps.

AS SHOWN IN MANUAL OF 1907
CHANGES RECOMMENDEC CONVENTIONAL SIGNS REARRANGED AND AS
BY COMMITTEE RECOMMENDED FDR PUBLICATION IN MANUAL

Yard Limits

Water Column

Fro<j> and Head Block

Track Scales

Water Station

Turn Table

Interlocking Tower

Telegraph Fble

Water Gtos&t

Watch Box

Distant Signal

Home Signal

Disc Si6nal

Grossing Gate

Turnstile

Platform

Cottle Guard

Trestle

Truss

Girder

Arch

Cast-iron Pipe

' Fire Hydrant

(Valve

Riser

?

OTP

WC.

a

F
9

-k—xy-

Turn out fit Switch Stanc

Water Tank

Omrt

Omit

Omit

Distant Interlocked Sid

Home Interlocked SiQl

Home Disc Signal

GribbincS

Abutments, Walls. Etc.

Turnout and Sivitchstand

Bumping Fbst

Road Crossing

Cattle -Guard

Tracrf Scales

Wai^on Scales

Crossing Gate

Turnstile

Fences

Pole Wire Lines

Switch or SiOnal
Connechoo Lines

Wire Conduit

>^/V. . . »YV- Frame Buildings

Indicate Kind Platform or Dnvetvas

>\>4*{ ):x,IxT^:

m m
i > i i

.5 Nozzles 'V.V*

BncK Buildings

Stone Buildings

Mail Crane

Rot-form or Driveway

Water TanK

Trach" Pan

Water Column

TurnTable

Sump

Catch Basin

-c

1 - czzi T.

~(X- *)-
State Kind and r "ft*

_S 3 3 i-

5fa*-e N?o<rt1rc-J o' Pipes

<x>
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Revised Form M. W. 1021.

Conventional Signs, Group 2, Track Maps.

AS SHOWN IN MANUAL OF 1907
CHANGES RECOMMENDED

BY COMMITTEE
CONVENTIONAL SIGNS RE-ARRANQ.EO AND AS

RECOMMENDED FOR PUBLICATION IN MANUAL

Mefer

Manhole

Catch Basin

Sump

Arc Lamp

Incandescent Lamp

Gas Lamp

Oil Lamp

Automatic. Bell

Switchstand

Inter locKed Switch

Bumping Post

Train Order Signal

Derail

Wa«on Scales

Section Post

Signal Bridge

Mail Crane

Frame Building

BncK Building

Stone Building

LZU

<8>

D

^islrl Other Lamps

-4———--
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(4) TRACK CHART.

It will be recalled that in 1905 the Association adopted a Track

Chart, but this adoption was provisional in character, depending on the

conventional signs which were to be considered and recommended after-

ward. Consideration, therefore, should be given the matter as to what

extent conventional signs could be applied to the Track Chart, and, in

addition to that, consideration should be given to the general features

of the chart, as adopted and to determine what, if any, change should

be made in horizontal and vertical scale, or any other features.

Pursuant to the instructions to reconsider and amend the Track'

Chart (form M. W. 1016), so that it will conform to the conventional

signs heretofore adopted and revised by the Committee, a circular letter

was sent to each member of the Committee asking for suggestions, and

as a result a revised chart has been prepared, following generally the

one previously adopted, but containing some changes, and it is recom-

mended by the Committee for adoption by the Association.

The use of conventional signs in connection with the Track Chart

is necessarily limited, because the scale and character of the drawing

prevents the use of many of these symbols, as the conventional signs,

are mostly applicable to drawings of larger scale, and while the Com-
mittee has endeavored to apply as many of these symbols as possible

to the Track Chart, it is found that only a few can be used.

The Track Chart, as revised by the Committee, includes some addi-

tional symbols, as well as some changes, the principal features of which

are as follows

:

(1) The scales have been enlarged to one inch equals four thousand

feet for horizontal and one inch equals one hundred twenty feet

for vertical scale, the reason for this being that it was found

that the scale of one inch equals four thousand feet enabled more

information of value to be shown in a much clearer manner, and

with particular reference to the vertical scale it was found that

a scale of one inch equals one hundred twenty feet minimized

the breaks in the continuous line of the grade.

(2) Space has been allotted to show the weight of and date when rail

was laid and the kind of ballast used in the main track; and

in connection with this an alternative color scheme is proposed

to be used, where it is desired, to more readily indicate the

character of rail in the main track.

(3) The symbols for signals have been changed so as to conform to

the revised conventional signs (form M. W. 1025), it being as-

sumed that it is not necessary to show any more details in the

way of signal features on the Track Chart than provided for

by the conventional signs.

(4) The section post symbol has been revised to agree with the one

shown in the list of conventional signs.

(5) A symbol for Water Column has been added and conforms with

the symbol in the list of conventional signs.
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(6) A symbol for Water Tank has been added to conform with that

shown in the list of conventional signs.

(7) The symbols for bridges and culverts have been omitted and in

lieu thereof a brief description of the structure is to be given.

The Committee believes that this is a better way of indicating the

character of structure than to attempt to use a conventional sign.

(8) Ruling gradients are indicated by an extra thickness of line.

(9) Special symbols are used to indicate Fuel Stations, Roundhouses,

Turntables, Section Headquarters, Telegraph Offices, etc., the

idea being to use a symbol that would more readily indicate to

the operating man the location of these important features.

In conclusion the Committee recommends the adoption of form

M'. W. 1016 as revised, and symbols shown under "Explanation" be

made Group 4 of Conventional Signs.

(5) USE OF SINGLE OR DOUBLE LINES.

Pursuant to instructions calling for an expression of opinion with

regard to the use of single or double lines on Track Maps, Circular No.

106, of July 14, 1908, was sent out with the following results

:

Question No. 1:

Is it your opinion that double lines should be used exclusively on

maps of a scale of one inch equals fifty feet or less?

Number in favor 146

Number against 16

Total replies 162

Question No. 2:

Is it your opinion that single lines should be used exclusively on

maps of a scale of one inch equals two hundred feet or more?

Number in favor 160

Number against 2

Total replies 162

Question No. 3:

(a) On maps of a scale of one inch equals one hundred feet, rep-

resenting preliminary studies and designs for proposed track layouts,

should tracks be represented by single lines?

Number in favor 137

Number against 25

Total replies . . .
. 162

(b) On maps, of a scale of one inch equals one hundred feet,

of completed work, station plats and permanent records, should tracks

be represented by double lines?

Number in favor 102

Number against 60

Total replies 162
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DISCUSSION.

The circular was thoroughly discussed at the general meeting of

the Committee held at Buffalo, and several letters received from promi-

nent members of the Association were read. The replies to Circular

No. 106 indicate that the members are strongly in favor of the Com-
mittee's recommendations on Questions Nos. I, 2 and 3-a, but are not

so harmonious in regard to Question No. 3-b.

The following advantages are claimed by those who advocate the

use of single lines on Record Maps

:

(1) Single lines are more easily drawn by the average draftsman,

thus saving time and expense.

(2) Single lines show actual location of center line of track as

staked out by the engineer.

(3) Lateral distance is more easily and clearly indicated.

(4) Single line representation of tracks is less confusing to the eye.

The following advantages are claimed by those who advocate the

use of double lines on Record Maps

:

(1) Double lines show actual location of rails, single lines show

imaginary center lines. The fundamental idea of a track plan is to

show the physical conditions as they exist on the ground, and a double

line drawing is the only way in which this can be done.

(2) Turnouts clearly indicated and location of frogs, derails, cross-

ings, clearance points, etc., accurately shown.

(3) Track plans for interlocking and signal work are always made

with double lines.

(4) It is very difficult for a young draftsman to learn the proper

method of handling switch work by single line method.

(5) Double line representation is easiest for construction men.

The more complicated the layout the more clearly is it shown by double

lines and more easily comprehended by the field men.

In the consideration of this subject the principal features involved

are

:

The fact that the double-line "map requires some additional labor.

The value of the double-line map in indicating to persons who are

not engineers and not experienced in reading blueprints a clear idea of

the physical conditions.

As to the first feature, it is a fact that the use of double lines does

involve some additional time, but it is felt that this is not of sufficient

magnitude to be a serious objection. Some objection is raised to the

use of double lines on maps of a scale of one inch equals one hundred

feet, for the reason that it unnecessarily burdens maps with information

where it is necessary to show a great many things to indicate physical

characteristics. A point has also been raised in this connection that

the distances from tracks could be more clearly indicated by the us«

of a single line. The conclusion of the Committee is, however, thai

the use of double lines is preferable.
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As to the second feature, it must be considered that the track map

is the one ordinarily used for many different purposes, it being the

permanent record map usually kept on the division and in the general

office, and from which blueprints are taken for indicating many things

that are not purely track matters, such as drainage features, municipal

improvements, matters of litigation which often have to be referred to

the claim or legal departments and handled by people who are not

engineers, in many cases submitted to juries and attorneys, and it is

therefore the opinion of the Committee that the double-line map is bettet

for these purposes.

CONCLUSIONS.

The conclusions of the Committee on this subject are as follows:

(i) On Track Maps drawn to a scale of i in. equtls 50 ft. or

less, tracks should be represented exclusively by double lines.

(2) On Track Maps drawn to a scale of 1 in. equals 200 ft.

or more, tracks should be represented exclusively by single lines.

(3) On Track Maps drawn to a scale of 1 in. equals 100 ft.

(a) On maps representing preliminary studies and designs of

proposed track layouts, tracks should be represented by single lines,

except that double lines may be used where considered necessary to

show turnout details.

(b) On maps representing completed work, station plats and

permanent records, tracks should be represented by double lines.

IV—SUB-COMMITTEE B—TIME BOOKS.

Instructions given the sub-committee were as follows

:

(1) To determine to what extent the Time Book form M. W. 1008, as

previously adopted by the Association, has been put into use

by members.

(2) To discuss the feasibility of a form of book that will serve all

branches of the maintenance of way department, bearing in

mind particularly the fact that the distribution of labor must of

necessity be differently handled in structural work than in track

work, for the reason that bridge and building and other struc-

tural gangs are frequently not worked in a body.

(3) Discuss the matter of use of a daily time report as a substitute

for or an adjunct to the monthly time book, especially consider-

ing the following features

:

(a) The advantage in having a daily check of current expenditures.

(b) The advantage in expediting accounts, in that the daily dis-

tribution can be kept in the accounting office, which will

enable the accounts to be completed much sooner after the

close of the month.

(c) The advantage in guarding against the time record being

changed after having once been recorded.

(d) The duplication of work in the necessity for the time being

recorded on the daily time slip as well as the permanent
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record, which must be retained in the Foreman's possession

to guard against loss of time slips in transit.

(e) The advantage of enabling the supervising officer to check in

his own office daily the expenditure and force employed

when it is impossible for him to cover his entire territory.

(f) The advantage of not requiring a change to be made in the

time book whenever a change is made in the classification

of operating expense accounts.

(g) The advantage of eliminating in a measure the necessity for

getting special daily reports on more important items of

work,

(h) Better evidence in case there is litigation in regard to time

worked.

DISCUSSION.

With reference to instruction (i), a canvass of the Association

developed the following information

:

Number using form M. W. 1008 3

Number not using it 45

Total number of replies 48

Number reporting obj ections 10

Number reporting no objections 23

Number non-committal 12

45

Some of the objections raised were:

(1) The form recommended is hardly suitable for work of which

the cost is desired in detail.

(2) The distribution is made as a whole and does not show the

amount expended on each piece of work.

(3) It does not provide printed headings for each class of work.

With reference to instructions (2) a canvass of the Association

showed :

Number favoring uniform time book 24

Number not favoring uniform time book 21

Total number of replies 45

With reference to instructions (3-a) a canvass of the Association

showed :

Number using daily time report 2

Number using it as an adjunct to the time

book 18

Number not using it 25

45

Number favoring its use 23

Number against 12

Number non-committal 10

45
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It will be observed that the inquiries developed that an exceedingly

small percentage of the membership use the Time Book adopted by the

Association. It is not assumed that this is so much due to the fact

that the book is not considered applicable, but that railroad companies

are prone to continue the use of forms of a character which appear to

meet their individual conditions.

In this connection, however, since the adoption of a form for

standard Time Book, the subject of accounts involving both the

expenditure of labor and material has been a live one with railroad

companies, and some conditions seem to make it justifiable to consider

very thoroughly a revision of the form to meet such conditions.

Special stress was laid upon the use of a uniform took for all

departments, and without doubt numerous advantages exist for such,

some of which are

:

(i) Minimizes the number of stationery forms.

(2) Facilitates handling of records in the accountant's office.

(3) Creates uniformity of practice and consequently simplifies

the issuance of instructions for recording and distribution of time.

(4) Facilitates the inspection of the book by whoever has charge.

It must be recognized, however, that in the matter of distribution

there must be some difference in the form of book to be used by the

track department from the book used by the structural departments,

for the reason that ordinary tracks gangs are generally engaged wholly

on pieces of work the distribution of which is usually confined to

not more than one or two items at a time. For example, a section

gang is usually worked entirely in putting in ties, ballasting or laying

rail, the only exception to this being that large extra gangs may

be engaged upon construction work where some of the men may

be assigned to work chargeable to other than track accounts ; on the

other hand, the gangs employed in the bridge, building, water service,

signal and other departments which can be classed as structural, often

have men scattered over districts or divisions working individually, and

their work must be distributed and charged to the individual structure

upon which they are engaged. It is, therefore, evident that uniformity

of time books can exist for all departments so far as recording of labor

is concerned, but there must be some difference as far as distribution

is concerned.

It is with reference to the matter of distribution that the Com-
mittee believes the Time Book previously adopted by the Association

is deficient, and yet confines this view to a condition where the

daily time report is not used, which feature will be discussed later.

The Committee therefore recommends the adoption of two forms

of Time Books, one of which should be used where it is practicnble

to use the daily time report, the other to be used where such would be

impracticable. For the first form the Committee recommends the use

of form M. W. 1008, with the addition of two columns (one showing
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deductions for board and other purposes and the other where the

money is payable), and it has therefore submitted with this report a

revised form, and reiterates the recommendation previously made that

form M. W. 1008 be continued as recommended for the particular condi-

tions mentioned. For the second form the Committee proposes a book

which is detailed in exhibit D, and which is in two forms, one for

the track department (which provides for a single sheet for the dis-

tribution of labor employed on the ordinary items of track work,

with such supplemental explanatory pages for the distribution of labor

that is chargeable to other departments) ; the other form for the dis-

tribution of time of structural gangs in providing a page for each man
employed. But the two books are identical so far as the recording

page is concerned.

It is apparent to many, doubtless, that the Committee has gone

into considerable detail in suggesting the forms of books to be used

where a daily time-slip is not employed. The reason for this is that

where the daily time-slip is employed it can be made the basis for

the distribution and such details can thus be omitted from the book,

and by reference to" the form recommended by the daily report it will

be observed that it is full and complete and provides for the most

detailed information in regard to distribution, and it is for this reason

that the Committee believes that form M. W. ico8 is easily applicable

to such a condition, and no change is recommended, except the one

previously mentioned.

With reference to the use of a daily form for reporting time, the

advantages previously mentioned in the use of this method are suffi-

cient to justify, in the opinion of the Committee, the emphatic recom-

mendation for the adoption of this practice. Of the advantages men-

tioned, it is the opinion of the Committee that the greatest one is the

assistance it will be to a more prompt compilation of accounts, and

second in importance is its value in enabling the supervising officers

to keep in close touch with their expenditures and guard against

irregular practice.

The Committee realizes, however, that there are many railroads

and parts of railroads where such a system could not be successfully

employed, for two reasons, one being that train service is too unre-

liable and irregular and the danger of loss of reports too great, the

other, that the working forces are too small (as, for example, on

inferior branch lines), to justify the practice. Aside from these condi-

tions, however, it is believed that such a method is a good one.

Another form, as previously mentioned, is recommended for a Time

Book where such a daily report system is not in vogue, and, as pre-

viously stated, this is more elaborate in the distribution feature, because

of the greater necessity now existing for clearer and more concise

statements of such being required by the close supervision now being

given the subject of accounts. This book, being the only record of
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Proposed revision of cover page of form M. W. 1008, providing

for signature of Foreman and Supervisor.

Form M. W. 1008.
Size 5 x 8% in.

A. B. & C. R. R. CO
SUBDIVISION NO.

TIME BOOK
of

SECTION NO or
(Name or Number of Gang)

Monthof 190
HEADQUARTERS

/ hereby certify that the within returns are correct:

Examined and found cTrect:
FOREMAN

Supervisor of

NOTE: This revised form is to be of the same size as form previously adopted and to have the

same specifications printed at bottom of page on which the attached form will appear.
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Proposed Revision of Daily

DAILY RECORD OF TIME:

NAME
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Record of Time. Form M. W. 1008.

FOR MONTH OF. .19

18
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time worked and not surrounded with the check against error and

irregular practice that the daily time report offers, embodies a method

of recording time that has been the result of a great deal of study on

the part of the officers of one of the large railroads connected with the

Association. It has been recognized by railroad officers in all de-

partments that where the recording of time is left to the individual fore-

men working in isolated places and not under daily check of a super-

vising officer or timekeeper, there is opportunity to defraud the com-

pany, which opportunity has been taken advantage of to an alarming

extent, and a campaign started by the railroad company previously

referred to resulted in the adoption of a form of book similar to the

one recommended by the Committee, which embodies, briefly, three

features of a protecting nature

:

(i) The recording of time four times per day.

(2) The cancellation of the entire column after the record is made,

thus making it impossible to add names and time thereafter.

(3) The use of a carbon sheet sealed between the record sheet and

the sheet next to it, which will indicate any effort made to

change the record.

Such a system will minimize the difficulties of this kind that rail-

roads are meeting and the cost of which is not known.

It may not be within the realm of the Committee on Records, Re-

ports and Accounts to do more than to mention the fact that this

system, however, should be fortified by the employment of a force of

traveling time inspectors, who move without program as the traveling

auditor moves about, and who are charged with the responsibility of

inspecting the time record of each foreman and reporting any violation

of instructions, and following up any cases which look like an attempt

to defraud. Such a system of time inspection would, of course, de-

pend upon the territory, but ordinarily a man can handle from three to

five hundred miles in such a way as to keep irregularities down very

low. With whatever form that may be in vogue for recording time, the

methods for inspecting the book, as above outlined, should be used,

and in the use of a daily report it might be necessary to make a modifi-

cation of the instructions to foremen as to what periods of the day

time should be recorded, but this is a matter that can be handled

locally, depending on the conditions on the individual railroad.

The Committee desires to recommend as an adjunct to the daily

time report a sheet (see Form M. W. nil), representing the compilation

of the information shown on the daily report, this sheet to be kept in

the office of the supervising officer or that of the accountant, depending

upon the organization of the railroad. This is in reality an accounting

blank, but it is thought proper to present it to the Association in con-

nection with the recommendation for the daily time report.
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Proposed cover page for Form M. W. 1109. This form to be used

by B. & B., Fence, Telegraph, Signal, Water Service, and all other

gangs except Section and Extra Gangs.

Size 8%x9in. Form M
-
W

-
1109 -

A. B. & C. R. R. CO.

TIME ROLL
DISTRIBUTION OF LABOR

Gang No.

o

DEPARTMENT

a- Month endi?ig on .of 1

9

I hereby certify that the within returns are the actual time worked, and

a correct distribution of same, and that the time was written up by me

daily as per instructions herein ; and that no deductions are entered

5 herein except for board or amounts due the Company.

Examined and found correcf

:

^.Foreman.

5
"

sape^ieoTT Checked:

«
S
o

9
£

NOTE-This Book may be carried in the pocket by folding at the line shown on back.
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Proposed instructions on inside cover of Form M. W. 1109 and 1110.

INSTRUCTIONS

TO FOREMEN:
1—On the "Time Roll " the name of the foreman should be entered on the first

line, and those of his men should be arranged thereunder in alphabetical order of their

surnames. One given name of each man must be written in full.

2—Time worked should be entered fourtimes each day and in the followingmanner:
1st—A dot in the A.M. half of the square should be made at the time the man reports for work in

the morning.
2nd—At noon, the number of hours worked up to that time should be shown in the A.M. half of

the square.
3rd—A dot in the P.M. half of the square should be made at the time the man reports for work

after dinner.

4th—When the day's work is completed the number of hours worked since dinner should be
shown in the P.M. half of the square.

For example: The time of a man who has worked ten hours in a day shall be shown

-

—

: —

-

And if any less than 5 hours is worked in a.m.
thus »_ ._ or p.m. it should be entered immediately upon

® ^ employe leaving gang.

5th—The total time worked should be entered at the close of each day, and if any part of gang is

called out after 6 p.m. the overtime is to be inserted following a.m. and explanation to be written on
page No. 45, giving cause for all overtime.

6th—The spaces opposite names of men not working must be cancelled, for the morning,
- A.M. I

P.M. A.M. IP. M. _..
t . , , ,This must be a heavy cross drawn from corner

thus: For the afternoon, thus: to corner of square. All open spaces below the
last name should be canceled each day by

drawing a heavy line to the line immediately above the total, immediately after 7 a.m. and 1 p.m. Eras-
ing on time rolls or re-writing over figures or crosses is strictly prohibited, if error be made, write

explanation of same on page 45, also advise Supervisor or Time-checker, either will correct same.
7th—All entries must be made by indelible pencil.

This book must be carried by the foremen and submitted for inspection to Roadmaster, Super-

visor or Time Inspector whenever request is made therefor. 1 f foreman should leave his gang he should

leave his book with assistant foreman, if one is employed, so book can be checked.

3.—Distribution of time should be entered daily on pages I to 40 inclusive.

Separate line should be used' for each piece of work and time should be shown oppo-

site each under correct date. Total of distribution for the month as shown on pages

1 to 40 must agree with total amounts shown under "Amount of Wages" on pages A
and B.

4.— If a man is given an order for his time, write "Time Given" in the column

headed "Remarks "on page B, on the same line with his name and time. Cancel

all spaces from last day worked by drawing 2 heavy parallel horizontal lines

thus:

U4 P.M

'5 '5

LAST DAY. TO TOTAL COLUMN LINE

5.—This "Time Roll" must be completed and forwarded to your supervisor by
first train after 6 o'clock P. M. on the 27th of the month, not belore.
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Proposed wage computation table for use on all time books.

(Inside Back Cover.)

Form M. W. 110!) and 1110.

Table of Wages on Basis of lO Hours per Day.



848 RECORDS, REPORTS AND ACCOUNTS.

Proposed time record for form M. W. 1109 and 1110.

Page A.
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Proposed time record for Form M. W. 1109 and 1110—Continued.

Page B.

Division. Month ended 27th of_ 190._
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Proposed distribution page for labor performed by individuals where

Page 1.

REPORT OF LABOR PERFORMED by
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gang is not all employed on same piece of work. Form M. W. 1109.

Page 2.
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Proposed time record of teams employed.

Page 41.

RECORD OF TEAMS EMPLOYED. Section No.
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Proposed time record of teams employed. Form M. W. 1109 and 1110.

Page 42.

Division. Month ended 27th of. 190.
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Proposed form for distribution summary (to be

Page 43a. Form M. W. 1109.

SUMMARY OF DISTRIBUTIONS.

DESCRIPTION OF WORK PERFORMED.
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made out in supervising or accounting office).

Page 43b.

SUMMARY OF DISTRIBUTIONS.
Page
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Page 44.

These pages
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Proposed form to be used by Section and Extra Gangs.

Form M. W. 1110.

Size SV2 -x.9 in.

sf. B. & C. R. R. CO.

TIME ROLL
DISTRIBUTION OF LABOR.

Section : Diuision,

Month ended on 27th of— - 190

I hereby certify that the within returns are the actual time worked, and
a correct distribution of same, and that the time was written up by me
daily as per instructions herein ; and that no deductions are entered herein

except for board or amounts due the Company.

Examined and found correct:

snporv.-sor. Checked:

Correct

:

Koa</inaster. For Auditor- nisbti

NOTE.—This Book mav be carried In the pocket bv folding at the Hnr> shown on back.
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Proposed form for distribution summary

—

Page 4.

DISTRIBUTION OF LABOR PERFORMED AS SHOWN ON PAGES 1 AND 2.

Wsss?
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to be made out by foreman.

--Division. Month ending 27th of*-

Form M. W. 1110.

Page 5.

190-

12
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Proposed page for showing details of work done by Track Depart-

Page 6.
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merit on work not chargeable to track work. Form M. W. 1110.

Page 7.

EXPLANATIONS.
REPAIRS WATER STATIONS
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Proposed page for explaining overtime and errors in recording time =

Form M. W. 1109 and 1110.

EXPLANATION OF OVERTIME.

EXPLANATION OF ERRORS.
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Details of charges to other than operating accounts.

Form M. W. 1110.

FOR USE OF ACCOUNTANT
DETAIL OF CHARGES TO CONSTRUCTION. SUNDRY DISTRIBUTIONS AND ADDITIONS AND BETTERMENTS

ADDITIONS AND BCTTCRMCNTS



X
s



FORM M. W. 1016.

TRACK CHART. (Revised.)



TRACK CHART

AUNEMENT

GRADE LINE

-EXPLANATIONS.

Passenger Station _ _ _

Telegraph Office in Stat

Telegraph Oft.ce in 7^«
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3 1 2
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I

SCf!LES
7ne Inch = 4000 feet: Horizontal Scale for

Profle , ftltacment. Tracks and Charts
Ine Inch ='20 Feet: VertjcolScale for Profile

Non—"Section House" to read "Section Dwel
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CONCLUSIONS.

The Committee recommends

:

(i) The use of form M'. W. 1008, with the additional columns

as shown for reporting time where it is practicable to use a daily

time report.

(2) A change in the cover page of form M. W. 1008 to permit

the signature of the foreman and his supervising officer.

(3) The use, wherever possible, of a daily time report for all

departments.

(4) The use of the form recommended for time book where

the daily report is not used. (See Forms >M : W. 1109 and 11 10.)

(5) The use of the form to represent a compilation of the

record and distribution of time. (See Form M. W. nil.)

(6) The use of a system of time checking to guard against

errors and fraud.

V—SUB-COMMITTEE C—ESTIMATE FORMS.

Instructions to the sub-committee were as follows

:

(1) Discuss thoroughly the subject of adopting printed standard forms

for the preparation of estimates, the advantages of which are,

generally

:

(a) To have uniformity of practice.

(b) To guard against possibilities of errors of omission.

(c) To enable the estimate to be more readily checked in the

executive office.

It is the opinion of the Committee that much good can result from

the adoption of a uniform method of preparing estimates and that too

often such estimates are prepared according to the notions of the indi-

vidual engineer, and in many instances a failure to have before him in

printed form the items that are usually found in work of that character

causes him to make omissions. It is of course to be understood that

there cannot be a form which would be uniformly applicable to all of

the branches of the maintenance of way department, and consideration

should be given to the preparation of forms for the following work

:

(1) Bridge work, including trestles, pipes or masonry.

(2) Building work.

(3) Water service.

(4) Signal and interlocking work.

(5) Telegraph lines.

(6) Track work.

(7) Scale work.

(2) The sub-committee should call upon the membership for samples

of forms in vogue to guide them in the work of preparing

estimate forms, and as a result of this prepare and recommend

to the general committee the form proposed for this purpose.

(3) In the preparation of forms they should be of uniform size to

facilitate handling and filing.



Proposed Form for Estimate Blank for Track Construction.
Size 8x13 in. Form M. W. 1112.

A. B. & C. R. R. Co.
TRACK ESTIMATE -..- . . .

DIVISION

A l

Dale of Estimate ....

Total Length o( Track in Ft

Total Clearance Length w ..

Maximum Cuf*ature ..._.

Width o( Roadbed on Fills

..Degrees.....

. . .Ft., in Cuts..

l Grade Away From Main Track ._„

Maximum Grade in Direction of Main Track —
Made by:

(Title i

ITEM
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Back of Form M. \V. 1113

INSTRUCTIONS.

1. This Report will bo made by the Foreman and forwarded

to Supervisor on first train after completion of each day's work.

2. Care must be taken to write distinctly, giving correct de-

scription of work done in space provided, and that the actual

hours engaged by each man on each class of work is entered in

proper column opposite his name. Foreman will also enter his

own time in hours. (Total only.)

3. Total time made daily by each employe must agree with
his time as shown by Foreman's pocket time book, Form

4. Foreman will enter his name first, then follow with the

balance of gang.

5. Give below briefly a statement showing quantity of work

done
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(4) In itemizing the forms, such details should be shown as will enable

a proper distribution of the accounts to be made in the execu-

tive office so as to permit the proper applications to be prepared

for authority for expenditure.

(5) Such forms should provide for the signature of parties making

the estimates.

It is of course understood that forms to be recommended are all

to be preliminary to forms M. W. 1017, 1018 and 1019, in which no

changes are recommended.

DISCUSSION AND CONCLUSION.

Circulars were sent out to the membership and replies were quite

full and complete, and 85 per cent, recommended the use of printed

forms (only a small number indicating that it was not the practice to

use such forms in their work), and the Committee received many
sample copies of such.

The work of preparing forms for all of the branches of main-

tenance of way work is of such magnitude that it is impossible to do

more in this year's work than to submit a form for estimates ordinarily

handled by the Engineer Maintenance of Way for track work, and the

Committee therefore has but one form to submit, shown as Form M. W.
1 1 12. It will be observed that while this form includes a number of

items that are not purely track work, these are included, because they are

items that are frequently incidental to the preparation of track estimates.

Respectfully submitted,

H. R. Safford, Chief Engineer Maintenance of Way, Illinois Central
Railroad, Chicago, 111., Chairman.

William Archer, Assistant Real Estate Agent, Baltimore & Ohio
Southwestern Railroad, Cincinnati, O., Vice-Chairman.

A. L. Davis, Assistant Engineer, Illinois Central Railroad, Chicago, 111.

Edward Gray, Engineer Maintenance of Way, Southern Railway, St.

Louis, Mo.
E. E. Hanna, Division Engineer, Missouri Pacific Railway, De Soto, Mo.

Paul Jones, Superintendent, Cincinnati & Muskingum Valley Railroad,

Zanesville, O.

Henry Lehn, Maintenance of Way Accountant, New York Central &
Hudson River Railroad, New York, N. Y.

J. H. MiLBURN, Chief Draftsman, Baltimore & Ohio Railroad, Balti-

more, Md.

J. W. Orrock, Chief Draftsman, Canadian Pacific Railroad, Montreal,

Can.

H. J. Pfeifer, Engineer, Maintenance of Way, Terminal Railroad Asso-
ciation, St. Louis, Mo.

C. W. Pifer, Roadmaster, Illinois Central Railroad, Clinton, 111.

V. D. Simar, Acting Chief Engineer, Duluth, South Shore & Atlantic

Railway, Marquette, M'ich.

J. E. Turk, Superintendent, Philadelphia & Reading Railway, Tamaqua,
Pa.

R. W. Willis, Engineer, Missouri District, Chicago, Burlington &
Quincy Railwav, St. Louis, Mo.

Committee.



DISCUSSION.

Mr. H. R. Safford (Illinois Central) :—The work of the Com-
mittee for the past year covered four general subjects, as outlined

by the Board of Direction : The revision of the track chart ; the

consideration of the subject of conventional signs; the consideration

of the subject of time books, and the consideration of the subject

of* recommending forms for the preparation of estimates for the

Maintenance of Way Department.

I would suggest a discussion, first, of the subject of conventional

signs and, briefly, I would say the work of the Committee this year

in connection with the conventional signs was an attempt to revise,

to make some of the signs more consistent with the subject they

represented and to attempt to group them in some systematic order.

A few new signs have been added, and some material changes were

made in the signal indications which are shown at the bottom of

page 253 and which were recommended after a discussion of the

subject with the Signal Committee. That Committee agrees as to

the sign showed in our list. Of course we do not attempt to show

all the signal details. We only considered those things which would

be ordinarily used on track maps.

The Secretary :—-"The Committee recommends the adoption of

the revised list of conventional signs, as shown on pp. 251, 252 and

253 of Bulletin 107."

Mr. Safford :—I move the adoption of the conclusion.

Mr. J. B. Jenkins (Baltimore & Ohio) :—I notice in your con-

clusions you call for the use of both double lines and single lines

for tracks for different scales of maps, and for different classes of

work on 100-ft. scale maps, but in the list of conventional signs you

discard the old convention of both double and single lines, and adopt

double lines only.

Mr. Safford:—That was not an oversight. There should be a

double line indication used, as conventional signs should be used for

final record maps, and we recommend double lines exclusively for such.

(Motion carried.)

The Secretary:
—

"(1) On Track Maps drawn to a scale of 1 in.

equals 50 ft. or less, tracks should be represented exclusively by

double lines.

"(2) On Track Maps drawn to a scale of 1 in. equals 200 ft.

or more, tracks should be represented exclusively by single lines.

"(3) On Track Maps drawn to a scale of 1 in. equals 100 ft.

"(a) On maps representing preliminary studies and designs of

proposed track layouts, tracks should be represented by single lines,
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except that double lines may be used where considered necessary to

show turnout details.

"(b) On maps representing completed work, station plats and

permanent records, tracks should be represented by double lines."

Mr. Safford :—I move the adoption of the conclusion.

(Motion carried.)

The Secretary :
—"The Committee recommends the adoption of

form M. W. 1016 as revised, and symbols shown under 'Explanation'

be made Group 4 of conventional signs."

Mr. Safford :—The Committee has made very little change in the

track chart, except to change the scale. The Committee, in changing

the scale, was" guided by the fact that this chart is a convenient one

for the Operating Department as well as the Maintenance of Way
Department, and this scale enables the information to be shown in

a clearer manner than heretofore. Wherever possible to apply the

conventional signs as recommended by the Committee it has been

done.

Mr. Robert Ferriday (Cleveland, Cincinnati, Chicago & St. Louis) :

—

I was in some doubt as to what was meant by section house. T

find it means section dwelling. I suggest that the explanation of

house be changed to "dwelling."

Mr. Safford :—That is acceptable.

Mr. C. E. Lindsay (New York Central) :—The Committee shows a

line to indicate the alinement. When a curve is below that line, does

that mean a curve to the right or a curve to the left, or is that the

actual picture of the curve and the way it would look on the ground?

Some claim it means that a curve to the left of the line means a

curve to the left and vice versa. The picture should be made as if

the curves were hinged at the end, and the line simply straightened out,

so that the direction of the curve actually showed as it would lie on

the ground.

Mr. L. S. Rose:—What is the object of the colors?

Mr. Safford :—The original chart did not provide for colors, and

it is only suggested in cases where it might be desirable.

tMr. C. H. Ewing (Philadelphia & Reading) :—I think Mr. Lind-

say's point is well taken. Perhaps the situation could be cleared up
if the Committee could turn the curves around. As it appears on the

chart the curves to the right are shown as running to the left; if the

curve is simply turned around it would show the different conditions.

iMr. Safford :—The reason the Committee used that indication

was to show exactly the location of the curve, that is, the location

of the center with reference to the main track. For instance, take

the first curve to the right of mile post 179, the center of that

curve is on the other side of the center line.

Mr. M. J. Henoch (Louisville & Nashville) :—In order to make
this matter perfectly clear, I move that under the head of "Explana-
tion" a small diagram with this alinement symbol be placed with
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a note ; in other words, that a small line be shown there with a

curve to the right and one to the left and simply mark them right

and left so that there will be no question.

Mr. Safford :—That is acceptable.

Mr. C. P. Howard:—There is no sign for freight stations.

Mr. Safford :—I presume that is because there did not happen to

be a separate freight station in the territory from which this chart

was made. That should be shown the same as the passenger station.

Mr. Safford :—I move the adoption of the form of track chart

as submitted.

(Motion carried.)

The President:—We will now take up time books on. page 261.

Mr. Safford:—In order that the work of the Committee may

be clearly expressed, I will say that the form of book recommended

by the Association consists of two general types, the original form

recommended by the previous Committee to be maintained and a

new form to be recommended, the difference between the two forms

being generally the matter of using or not using a daily time report

as an adjunct to the time book. It was the sense of the Committee

that under certain conditions a daily report of time was a very

desirable thing, and where that was used the old form of time book,

M. W. 1008, could be used, because it was not very complete in

its pages for distribution, and the principal difference between the

two forms is the fact that the one new form recommended, consist-

ing of two books, one for structural work and one for track work,

embody complete sheets for indicating distribution, whereas the daily

report sheets in Bulletin 107, page 263, provide for daily blanks to be

used on which the distribution will be recorded, thereby making it

unnecessary to embody extensive distribution sheets in the book.

I move the Association adopt the forms of time books now
indicated as M. W. 1008, 1109 and 11 10.

Mr. Henry Lehn (New York Central) :—I think I can straighten

out this tangle. The Committee has recommended two different sys-

tems ; one system consisting of a monthly time book, which is form

iM. W. 1008, and which will contain nothing else but a record of the

time. The distribution of the time will be furnished on a separate

daily slip, form M. W. 11 13. Form nil is a compilation blank which

will be used in the supervisor's office on which to compile these daily

time slips. This system is similar to that now in use on the Phila-

delphia & Reading Railway. The other system contains a record of

the time as well as the distribution thereof, and can be called a com-

bination time and distribution book. This system is similar to that

now in use on the Illinois Central Railroad.

Mr. Ewing:—I should say it would be a little clearer if we would

leave out the word "daily" on form 1008 and make it "record of

time for the month of "
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The President:—The Committee accepts the suggestion of Mr.

Ewing. The question now is upon the adoption of these forms, with

that amendment, to make a record of time instead of a daily record.

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—With respect to

Bulletin 109, attention should be called to the fact that it is contrary

to the rules to consider for the Manual anything that has not been

in the hands of the members of the Association for 30 days.

The President :—The chair would like to have an expression from

the Committee as to the suspension of the rules in this particular

instance.

Mr. Edward Gray (Southern Railway) :—I move that the rules

be suspended in this instance.

(Motion carried.)

The President:—It is so ordered. The motion now is upon the

adoption of the forms and this particular amendment of the time

books. The conclusions on page 266 cover all matters connected with,

the time books. The Secretary will read the conclusions.

The Secretary :—"(1) The use of form M'. W. 1008, with the

additional columns as shown for reporting time where it is practicable

to use a daily time report.

"(2) A change in the cover page of form M. W. 1008 to permit

the signature of the foreman and his supervising officer.

"(3) The use, wherever possible, of a daily time report for

all departments.

"(4) The use of the form recommended for time book where

the daily report is not used. (See Forms M. W. 1109 and 11 10.)

"(5) The use of the form to represent a compilation of the

record and distribution of time. (See Form M. W. mi.)
"(6) The use of a system of time checking to guard against

errors and fraud."

The President :—We will now consider the estimate form.

Mr. Safford :—This form was gotten up with the idea of covering

to as great an extent as possible the preparation of estimates for

track and roadway, for such work as would be handled by the

ordinary maintenance organization, the general idea of the form being

to be a guide to the extent of keeping constantly before the engineer

a list of items that are apt to be included in such estimates to

minimize the danger of errors of omission.

Mr. Lindsay :—I think this is a very valuable form, and we could

probably be able to use it, but we would require additional columns

on the right-hand side of the page in which to show divisions of

cost, for instance, between the railroad company and a private indi-

vidual or between two railroad companies. I think the blank could

be approved if it provided additional space for such purposes.

Mr. Safford :—That can be very easily added to this form, if it

is acceptable to the Association. I wanted to make it clear that we
propose to prepare additional forms for bridge work, signals, etc.
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I move you, Mr. President, that the Association adopt those forms

nil and 1 1 12, with the amendment proposed by Mr. Lindsay.

Mr. A. Montzheimer (Elgin, Joliet & Eastern) :—It seems to me

the blank ought to show what is included in one lead complete. The

rail in the lead between frog and switch should not be included in

the cost of the lead, as in making up requisitions from the estimate

it is a great deal of trouble to pick out the rail in the leads.

Mr. Safford:—Would that not be in the nature of a detail, that

could be used in the preparation of any estimate? All the items that

go to make a turnout are contained here and it would be pretty

hard to omit any of them if you followed the list.

Mr. Montzheimer :—I think there ought to be a note at the

bottom of the blank that the turnout consist of everything except

the rail in the turnout.

The President:—That is acceptable to the Committee.

The question is on the adoption of the form, with the amend-

ments that have already been accepted by the Committee.

(Motion carried).

The President:—The Committee is relieved, with the thanks of the

Association.



REPORT OF COMMITTEE NO. IX—ON SIGNS,

FENCES, CROSSINGS AND CATTLE-GUARDS.
(Bulletin 107.)

To the Members of the American Railway Engineering and Maintenance

of Way Association:

The following subjects were assigned to your Committee by the

Board of Direction

:

(i) Present such additional recommendations and conclusions covering

the various subjects reported on in the previous reports of the

Committee as may be considered desirable.

(2) Report on snozv fences, snow sheds and other means to prevent

snozv accumulating and best methods of clearing tracks and snow
removal.

(3) Report on the use of concrete fence posts, results obtained so far

in actual service, designs and cost.

After due consideration of the foregoing outline, it was deemed
advisable to assign the first subject to the entire Committee; the second

subject was assigned to a sub-committee, composed of F. P. Gutelius,

Chairman, H. L. Laughlin, and M. A. Neville; the third subject was
assigned to a sub-committee composed of E. R. Lewis, Chairman, A. E.

Doucet, Paul Hamilton and K. J. C. Zinck.

COMMITTEE MEETINGS.

Your Committee has carried on its work by correspondence between

the members of the Committee, and sub-committee meetings were held

at Bay City, M'ich., and Buffalo, N. Y.

BRIEF REVIEW OF PREVIOUS REPORTS.

The report for the year 1901 (see Vol. 2, 1901, pp. 326-330) dealt

mainly with the question of safety of highway surface crossings. The
report included a synopsis of the laws of the several States regarding

highway grade crossings (see Vol. 2, 1901, pp. 383-481).

The report for 1902 related to the questions of protection of surface

grade crossings and the proper construction of crossings. This report

was not published in the Proceedings (see Bulletin No. 16, March, 1902).

The report for 1903 contained a discussion on the subject of right-

of-way fences and cattle-guards. It also included as an appendix a table

giving general fencing information, so arranged in units of rods, 100 ft.

and miles that quantities for all kinds of barbed wire, feet board meas-

ure for planks, number of posts, staples, etc., could be arrived at for any
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style fence with but little calculation ; illustrations of smooth and barbed

wires, nails, etc., with information useful in connection with fencing;

illustrations of standard fences and specifications therefor of a number

of railroads, the designs being selected so as to give as great diversity

of practice as possible ; illustrations of various forms of patented fences,

all on the same scale, with details as to weight of wires, stiffeners, etc.,

designed to enable a fair comparison to be made; an abstract of the laws

of the several States and of Canada relating to fencing of railroads (see

Vol. 5, 1904, PP- 379-440).

The report for 1903 did not come before the convention for lack of

time, and was resubmitted in 1904.

The report for 1905 consisted of recommendations for changes in

the conclusions adopted in 1904 (see Vol. 6, 1905, p. 781).

The report for 1906 contained specifications for standard right-of-

way fences; galvanized wire fencing; tensile strength of fence wire, and

an appendix on the "Corrosion of Fence Wire" (see Vol. 7, 1906, pp.

451-472).

In the report for 1907 the Committee submitted recommendations

on gates for right-of-way fences ; it also included a discussion on the

relative merits of wooden fence posts; construction of highway and pri-

vate road crossings ; signals and gates at highway crossings ; and metal

and wooden track signs. The appendix included typical designs of right-

of-way gates and road crossings (see Vol. 8, 1007, pp. 525-531).

The report for 1908 was a report of progress (see Vol. 9, 1908, pp.

769, 770).

ADDITIONS TO THE MANUAL OF RECOMMENDED PRAC-
TICE.

Your Committee submits the following for approval and addition

to the Manna! of Recommended Practice under the head of "Gates for

Right-of-Way Fences."

*The width of farm gates should be from 12 to 15 ft., depending upon

the size of agricultural machinery in use in the vicinity. The minimum
height of farm gates should be 4 ft. 6 in. from the surface of the roadway.

Farm gates should be hung so as to open away from the track, and,

if hinged, swing shut by gravity.

CONCLUSIONS.

Your Committee recommends the adoption of the following conclu-

sions for publication in the Manual of Recommended Practice

:

(1) That the recommendations under Farm Gates be approved as

good practice.

(2) That the recommendations as to Construction of Highway Grade

Crossings be approved as good practice.

*Amend by adding the following words after the word "vicinity:" "Or
as required by the laws of the states through which th<> railroad operates."



SIGNS, FENCES, CROSSINGS AND CATTLE-GUARDS, 877

(3) That the recommendations as to Snow Fences, Snow Sheds,

Flangers, Snow Plows, etc., be approved as good practice.

(4) That the recommendations as to Concrete Fence Posts be ap-

proved as good practice.

Respectfully submitted,

W. D. Williams, Chief Engineer, Cincinnati Northern Railroad, Van
Wert, O., Chairman.

F. P. Gutelius, General Superintendent, Canadian Pacific Railway, North

Bay, Ont., Vice-Chairman.

A. G. Boughner, Office Chief Draftsman, Baltimore & Ohio Railroad,

Baltimore, Md.

A. E. Doucet, District Engineer, Transcontinental Railway, Quebec, Can.

A. M. Funk, Division Engineer, Baltimore & Ohio Railroad, New Cas-

tle, Pa.

Paul Hamilton, Engineer Maintenance of Way, Cleveland, Cincinnati,

Chicago & St. Louis Railway, Springfield, O.

C. W. Johns, Assistant Engineer, Chesapeake & Ohio Railway, Hinton,

W. Va.

S. A. Jordan, Engineer Maintenance of Way, Baltimore & Ohio Railroad,

Baltimore, Md.

H. L. Laughlin, Engineer Maintenance of Way, Minneapolis, St. Paul

& Sault Ste. M'arie Railway, Minneapolis, Minn.

E. R. Lewis, Division Engineer, Michigan Central Railroad, Bay City,

Mich.

M. A. Neville, Superintendent, Peoria & Eastern Railway, Indianapolis,

Ind.

P. Petri, Division Engineer, Baltimore & Ohio Railroad, Winchester, Va.

K. J. C. Zinck, Assistant Engineer, Grand Trunk Pacific Railway,

Montreal, Canada. Committee.



Appendix A.

(i) Present such additional recommendations and conclusions covering

the various subjects reported on in the previous reports of the Com-
mittee as may be considered advisable.

Your Committee has carefully reviewed the previous reports sub-

mitted, and presents herewith the results of its efforts.

Your Committee does not consider it advisable to make any recom-

mendations on the subject of protection of highway grade crossings at

the present time.

The proper construction of grade crossings, dealt with in the report

submitted in 1902, has been given careful consideration, and the recom-

mendations are resubmitted herewith for approval.

THE PROPER CONSTRUCTION OF GRADE CROSSINGS.

Owing to the well-known difficulty of maintaining the track in proper

surface through and adjacent to grade crossings, a form of construction

should be adopted that will tend to remedy this trouble by requiring a

minimum amount of labor and material to be expended in repairs or

renewals.

This construction will necessarily vary with conditions, but can be

divided into the following general classes

:

(1) Crossings where paving is required to conform to street speci-

fications.

(2) Crossings of streets where no paving is required.

(3) Crossings of public roads or highways outside of towns or

cities.

(4) Crossings of private or farm roads.

(1) For crossings where paving is required to conform to street

specifications, cross-ties should be treated chemically to prolong their life

to the greatest limit possible, and laid on a bed of stone or slag ballast,

not less than twelve (12) in. in depth, placed in three (3) in. layers,

each thoroughly rammed so as to prevent settlage. An eight (8) in.

bed of Portland concrete mixed 1-3-6 can be substituted for the ballast

if desired.

With the ballast and outside of the tracks, porous tile drains not less

than six (6) in. should be placed at intervals, leading to the nearest

point from which efficient drainage can be obtained.

The support of the rail on the ties will vary with the character of

paving used.

If; stone blocks are used, a substantial cast or malleable steel chair,

with a base of not less than forty-eight sq. in., should be provided, fast-
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ened to the tie with suitable lag-screws, the rail fastenings to be a

hook-headed bolt secured with nuts. Ties should be spaced so as to

allow the joints to be supported by these chairs.

On long stretches of track laid in streets paved with stone blocks,

the use of a special rail section, not less than nine (9) in. in depth,- is

advisable, to avoid the use of the chairs mentioned ; with such a rail,

heavy tie-plates should be used as a protection.

On the outside of the rail, the block paving should be laid up to the

rail-head, but left slightly below it on the inside. An old rail or a

suitable form of rolled filler should be placed to provide a flangeway, this

to be fitted into the space between the head and base of the track rail;

if an old rail is used the flange should be placed as nearly vertical as

possible, the paving between the rails to be limited by the flanges or

fillers. The flangeway should be supported by the same chairs carrying

the track rail, with a clear opening of not less than two (2) in.

Where a special rail section is used, the flangeway should be rolled

as a part of it.

With vitrified or paving brick, the ties should be similar and have

the same foundation as described above, except that with rails of high

section, the use of the cast chairs is unnecessary.

A heavy tie-plate should be placed on each tie where the ordinary

track rai'l is used.

A strip of treated timber 4x6 in., fitted to the rail and placed so as

to expose three (3) in. of surface next to the rail-head, should be used

next to the outside rail, and this should be paved against; the strip

should be one-quarter {%) in. below the rail-head.

Metal flangeways should be provided as described above, and paved

against in like manner.

With asphalt paving a similar construction as for vitrified brick is

recommended.

Paving between and outside of the rails should be laid in the most

approved and workmanlike manner.

(2) Street crossings where no paving is required should be divided

into two classes—those with plank laid the entire width and length, and

those with plank only next the rails and at the ends and filled between

with suitable material.

For the first style, the plank should be of such timber as can be

most economically obtained, not less than three (3) in. in thickness, the

outside planks to be shimmed, so as to be one-quarter (14) in. below

the rail-head, and those inside similarly shimmed when necessary.

An old rail laid on the side of some suitable form of rolled metal

shape should be used as a flangeway, its ends to be slightly bent inward,

so as to give an opening of not less than four (4) in. at the ends, the

flangeway through the balance of the crossing to be not less than two

(2) in.

The intermediate planking should be closely fitted to the base of the
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old rails or other metal forming the flangeway, so as to avoid the neces-

sity of further securing them to the ties.

For fastening the planking to the ties, -H?x8 in. cut spikes should

be used for rails five (5) in. in height and under.

The ends of the planking should be beveled both between and outside

the rails to a thickness of one (1) in., commencing at a point ten (10)

in. from the end.

One plank not less than ten (10) in. in width should be used on the

outside of the track rails, and the total length of the planking should

conform to the required street width.

Concrete, slag or other suitable material should be used from
the plank outside of the rails to such distance necessary to properly

complete the crossing.

Where the requirements do not call for continuous planking over

the tracks, one plank should be placed each side of each rail, with

the flangeway rails or metal shapes as described above and similar

in other details, with the exception that a filling of concrete, slag,

gravel or other suitable material should be used between the planks,

the material to be filled in level with the top of the planking after

a thorough compacting.

In the description of street crossings for cities and towns, no

limits as to approach grades are given, such physical characteristics

being governed by local laws and conditions. The width of the street

crossings are also governed by local requirements.

(3) For public roads and highways outside of towns and cities,

the crossing construction should be similar to that described for streets

which have the minimum amount of planking and ballast filling be-

tween them. Such crossings should be level for a distance of five (5)

ft. on each side of the outside planks ; on a fill, the approach grade

should not exceed 6 per cent.

Where the crossings are in a cut, the ditch drainage should be

provided for by the use of terra cotta pipe where feasible, but if

the volume of water is too great, box culverts or bridges of similar

width to the crossing should be provided.

The width of highway crossings should be not less than sixteen

(16) ft.

(4) Crossings of farm or private roads should be constructed

by filling with ballast or other suitable material level with the rail-

head, on the outside and inside, leaving a proper flangeway inside

the rails. Such crossings should be level for not less than three (3)

ft. each side of the rails, and the approach grades should not exceed

eight (8) per cent.

In cuts, proper provision should be made for drainage as for

highway crossings.

The width of farm or private road crossings should be not less

than twelve (12) ft.
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(2) Report on Snow Fences, Snow Sheds, and Other Means to Prevent

Snoiv Accumulating, and Best Methods of Clearing Tracks and

Snow Removal.

The various devices for the protection against and removal of snow
used by the railways who replied to the Committee's circular letter may
be outlined as follows

:

PERMANENT SNOW FENCE (See Typical Plans).

(a) Close board fence, 4 ft. to 8 XA ft. high, built on right-of-

way line.

(b) Open board fence, 6]/2 to 8^ ft., the spaces varying from 2 in.

to 6 in., built on right-of-way.

Boards in these fences are either horizontal, vertical or inclined.

PORTABLE SNOW FENCE (See Typical Plans).

(a) Frames of one-inch board, usually 6 ft. by 16 ft., fastened by

wire to right-of-way fence.

(b) "A" frame portable fence anchored by nailing to stake or post.

This fence is placed about 50 ft. from the track and sometimes three or

more lines of it are required.

(c) Frames of one-inch board, 6 ft. by 16 ft., inclined alternately in

opposite directions. The sections are bolted together at the top and

anchored by stakes.

HEDGE SNOW FENCE.

Hedge snow fence is not in general use on this continent, although

the Central Railroad of New Jersey is experimenting with "California

Privet" hedge fence, which has been planted along existing permanent

board fences at a cost of about $10 per 100 ft., the expectation being that

the hedge will be of sufficient size to take the place of the board fence

when the latter has become useless from age. The cost of maintenance

is only nominal for trimming occasionally.

The Lake Superior & Ishpeming set one mile of Armour Berberry

in the spring of 1907 at a cost of about $225. About 10 per cent, of the

plants died, and it is now too early to give results.

The Great Northern planted trees, mostly willows, for snow pro-

tection some 25 years ago along the outer edge of the right-of-way,

about 75 ft. from the center of the track, along cuts in the prairie sec-

tion of Minnesota. They have given good satisfaction, with practically

no cost for maintenance, and at the present time they are planting trees

for the same purpose along cuts on their system in Minnesota, North

Dakota and Montana, using willow, poplar, elm and ash.

The New York Central is experimenting with seedling plants of
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Norway spruce and honey locust. These hedges are three years old, but

have not yet attained sufficient growth to make efficient snow fence.

The Canadian Pacific Railway experimented in 1906 on its Eastern

Lines by planting local evergreen trees, 4 to 6 ft. in height, at selected

places, amounting in all to 4 or 5 miles of hedge. Unfortunately, how-

ever, 90 per cent, of these trees have died. Many miles of that company's

track are protected from drifting snow by forest trees on the edge of

the right-of-way. No trouble is experienced in timber districts from

snow until the trees adjoining the right-of-way are removed.

STONE WALLS FOR SNOW FENCE.

There are many miles of stone walls on the New York, New Haven

& Hartford Railroad which were built for right-of-way fences. These

walls are very effective as snow fences. They are about 4 ft. 6 in. high,

18 in. wide at top and about 30 in. at the base.

EARTH MOUNDS FOR SNOW FENCE.

On several Western roads the waste material from cuttings on the

prairies was placed in the form of wind-rows from 3 to 5 ft. in height.

Those on the Great Northern Railway proved worse than useless and

were leveled down. Those on the Canadian Pacific Railway accumulated

some snow, but scarcely sufficient to warrant their construction.

OLD TIE SNOW FENCE.

(a) Some snow fences of this character were constructed in the

form of the ordinary worm fence and are said to be efficient. New ties

for temporary fence are sometimes used in this manner when they have

been delivered in that locality for the following season's tie renewals.

(b) The ordinary method of using old ties for snow fence is

to stand them on end in a trench of sufficient depth. They should be

placed close together on end and the back filling well tamped. This

makes a very effective, but unsightly, snow fence.

Several railways report the successful use of blocks of snow in the

construction of snow fences.

It is the common practice on many railways to give shallow cuttings

a very flat slope, usually 1 to 4; in several cases as flat as 1 to 10

slopes are used. These snow slopes have the effect of allowing the

wind carrying the drifting snow to pass through the cutting and

over the tracks without causing an eddy in the wind, and prevent accumu-

lation of snow on the track.

WIDENED CUTTINGS.
A very successful method has been adopted on many railways to

escape snow accumulating in deep cuttings by borrowing material which

they require for widening banks, filling trestles, etc., from the sides of

cuttings into which snow had been drifting. A steam shovel cut on the

windward side has been sufficient to give ample space for the drifting
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snow to accumulate and keep clear of the tracks. In this connection

it is interesting to note that snow seldom accumulates in rock cuttings

that are 25 ft. or more in depth. In these cases the precipitating snow

seems to be blown out of the cuttings by deflected air currents.

SNOW PLOWS.
Practically all of our Northern railways use snow plows.

(a) Rotary snow plows (see typical plan) are owned by all of the

principal systems.

(b) Wedge or push plows are in general use ; they are equipped

with drop-nose, which cuts the snow about one inch below the top of

the rail for a width of 8 ft.; to the side of the plow are attached

wings which are capable of spreading the snow a full width of 16 ft.

The drop-nose and the wings are operated by compressed air in the

modern plows. On the Canadian Pacific electric headlights are used

on the new plows. The information to the operators as to the location

of obstructions to the drop-nose is given by posts known as "Flanger

Posts," which are usually located 150 ft. in advance of the point where

the wings must be closed. (See Canadian Pacific Railway plans of

"Flangers and Snow Plow Boards.")

For double track lines the nose of the plow is placed on one side

instead of central, as with the ordinary single track plow (see plan).

Nose plows placed ahead of the locomotive are effective in removing

snow up to 6 ft. or 8 ft. in depth when the drifts are not too long.

The number of locomotives required to operate a wedge or push

plow depends upon the condition of the snow, its depth, and the grade

and curvature of the railway. On some railways, where the amount of

snow to be handled is not great, efficient service is secured by means of

a snow plow constructed on the pilot of the engine. They vary in height

from 2 ft. to 6 ft.

FLANGERS.

A flanger is a small snow plow arranged to raise and lower mechan-

ically. When used on locomotives they are operated from the engine cab

by air or steam, and are very effective in countries of light snowfall

when used in conjunction with the pilot plow. Flangers are also con-

structed on freight train cabooses and are operated by the trainmen.

Some roads have special flanger cars which are run on the rear

of trains, operated by special crews. This method is probably less

dangerous than in the case of flangers on the locomotive.

SALT AT SWITCHES.

Most railways use salt to keep ice from forming at switches. The

use of salt at interlocking plants, however, is usually prohibited. The

following are the printed instructions on the Canadian Pacific Railway

:

"The use of salt at switches and frogs at seasons of uniformly low tem-

perature is prohibited ; it must only be used when snow melts during

the day and freezes at night."
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The method usually adopted of clearing snow from yards is by

means of shoveling into cars and dumping at convenient) points.

The Canadian Pacific Railway reports the removal of snow from

divisional yards by means of wing plows, whereby the snow is thrown

from track to track until it is clear of the entire yard. Ballast spread-

ers and rotary snow plows are frequently used for this purpose.

The New York Central reports one division using compressed air

from the locomotive to clean switches of snow.

Experiments are being made for the melting of snow by means of

steam pipes in the valleys of train sheds and shop buildings, but thus far

the process has proven slow and expensive.

The Grand Trunk reports one turntable pit with 18 in. of cinder

floor, under which steam pipes are laid every two feet, sufficient to keep

the cinders warm and melt all snow that falls or drifts into the pit.

The Ord ash pit in use on the Canadian Pacific Railway provides a

running track for the cinder baskets, composed of heavy steam pipe,

kept hot during the winter season, thus preventing the accumulation

of snow or ice in the pit.

The Canadian Pacific Railway has extended the roofs of four of

its engine houses over the turntables and removed the doors from the

old stalls and heated the large enclosure the same as the remainder of

the house 1

. It also reports the erection of buildings over the ash pits

at three points. These buildings are equipped with double the amount

of heating surface, and serve to thaw the ice from the engines as well

as to protect the men from the snow, ice and cold while ash pans are

being cleaned.

In the colder countries considerable difficulty has been encountered

on account of the formation of ice along the eaves of flat-roofed engine

houses. This difficulty is being overcome on the Canadian Pacific Rail-

way by an air space on top of the masonry wall and the eaves sloped

at an angle of one to one.

At wayside water tanks the. accumulation of ice on the track is

prevented on the Canadian Pacific Railway by the extension of the

exhaust pipe from the pump, whenever it is located within or near

the tank.

SNOW SHEDS (See Typical Plans).

Snow sheds are used by a number of railways where they cross the

mountains in the West.

Mbst of these sheds are designed to carry snow slides over the

tracks without blocking them, and a few to protect against the level fall

of snow. These sheds are usually made of heavy timbers in accordance

with the various designs illustrated. They are generally effective, the

only objection being their cost of construction and maintenance and the

liability of being destroyed by fire.

RAILWAY LOCATION.

In the location and construction of railways through snow country

special attention is given by the Locating and Construction Engineers
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lo provide against difficulties in the operation of the railway on account

of snow. An embankment two feet above the surface of the ground

is generally sufficient.

Snow slides in mountainous country are given full consideration

and, if possible, the railway is located either to avoid them or to pro-

vide for an economical snow shed construction. In some cases the rail-

way has been carried over snow slides, which occur in ravines, by

means of spans. This method, however, proved disastrous in a number

of cases, as the spans were carried out or wrecked by the large trees

that were brought down with the slide.

CONCLUSIONS AND RECOMMENDATIONS.
SNOW FENCE.

Definition.

—

Snow Fence—A structure erected for the purpose of

accumulating drifting snow.

Snow is carried by the wind close to the surface of the ground
and is deposited into railway cuts on account of the eddies which

these cuttings cause in the wind.

The function of the snow fence is to form artificial eddies on

the windward side of the cut at sufficient distance to cause the snow

to deposit between the snow fence and the cut.

The location of the drift or eddy depends upon the form of the

fence. A tight fence of sufficient height will cause the snow to ac-

cumulate on the windward side of the fence; an open fence causes

the snow to accumulate principally on the leeward side. The distance

between the fence and the drift depends upon the height of the fence,

the width of the openings between the boards, the velocity of the

wind and the character of the snow.

The character of the snow fence and its location for the pro-

tection of a given point depends largely upon local conditions, some

of which can only be determined by experiment, and for this purpose

portable snow fence is recommended.

Where local conditions admit, a permanent snow fence located

on the right-of-way fence line is most economical.

If permanent wooden fences are used, the boards should be laid

close, where the right-of-way is 50 ft. or less from the center of

the track; for greater distances space should be provided between the

boards, and at 100 ft. distance, 50 per cent, of the fence should be

open space.

The height of permanent board fence depends upon the probable

amount of snow. The maximum height, however, should be 10 ft.

In most cases local conditions require the use of a portable snow-

fence. These fences are usually erected in the fields adjoining the

right-of-way. They should be set on the windward side of the track

at right angles to the prevailing winds and, to provide for variations

in the direction of the wind, it is sometimes necessary to set the

panels in crescent form. For ordinary conditions one line of fence

is sufficient. The quantity of snow sometimes requires the use of
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three or four lines of portable snow fences set parallel and spaced

about ioo ft. apart. These fences should be removed in the spring

so as not to interfere with farming operations.

Hedge fences should be used where the quantity of snow is not

too great, and where local conditions, including the economic fea-

ture, admit. Properly maintained hedge fences are effective in beauti-

fying the right-of-way.

Stone walls should be used for snow fences where suitable stones

for dry masonry walls are delivered free to the railway company
by the adjoining property owners.

Temporary snow fences should be constructed of ties, laid in the

form of worm fences.

MISCELLANEOUS METHODS.

Railways constructed in Northern countries should have the track

raised about 2 ft. above the general level of the ground, and for

cuttings less than 4 ft. A flat slope of 4 to 1 should be given to

both sides of the cutting.

In construction of new railways, or in grade revision, or trestle

filling on existing railways in snow districts, the material should be

taken from the sides of the cuttings. A steam shovel cut on each

side is most effective in providing a place for snow to accumulate for

ordinary snow conditions for cuttings up to 20 ft. in depth.

Salt should be used on switches only during that portion of the

winter when the snow melts in daytime and freezes'' at night.

Where exhaust steam is available it should be carried about twelve

inches beneath the surface of the ground at points where the accumu-

lation of the ice requires frequent removal during the winter.

SNOW PLOWS.

Rotary snow plows are necessary for quick removal of snow
where the depth of the drift exceeds six feet and its length exceeds

three hundred feet, or where the natural snowfall has filled deep cut-

tings which the push plow cannot remove. Rotary snow plows are

sometimes used to advantage in the removal of snow slides in moun-

tain districts.

Push plows should be used for a level fall of snow and minor

drifts, whenever the depth is too great to be removed by snow Hangers.

Snow flangers should be used for the removal of snow whose depth

is less than six inches over the top of the rail.

SNOW SHEDS.

Snow sheds are expensive to construct and expensive to main-
tain, and the railway should be located, if possible, so as to prevent

the necessity of their construction. Their use should be confined to

localities which require protection from mountain snow slides, and
then they should be constructed of more permanent material than is

now ordinarily used.
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PERMANENT SNOW FENCE.
OPEN BOARDING.

Canadian Pacific Railway.

New York Central & Hudson River Railroad.

\Nofe:- Fence to be used whehe both Ripht-of-Way
and Snow Fences 'are required, and where
the Right- of-Way width s such that the

Permanent form will be effective

Central Railroad of New Jersey.

CLOSE BOARDING



SIGNS, FENCES, CROSSINGS AND CATTLE-GUARDS.

/i£-t /6-0

PORTABLE SNOW FENCE.

'«> Jo beplaced not less than loofeef fhm fraor Ayeraoe spread 6'-6" v

Lenoih of Section may be

reduced to /4ft when cost

per tin. ft is not increased

Canadian Pacific Railway.

Lake Shore & Michigan Southern Railway.

Central Railroad of New Jersey.

Canada Southern Railway.

Grand Trunk Pacific Railway.

Butte, Anaconda & Pacific Railway.

New York Central & Hudson River Railroad.

Delaware & Hudson Company.

ft/i/2v/j-'0'tt

wmm^AWwWiwg'.gw*w«awgfeg mm-

Lehigh Valley Railroad.
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SNOW PLOWS.

Pilot Plow

Oregon Short Line.

Oregon Railroad & Navigation Company.

Union Pacific Railroad.

Pilot Plow

Oregon Short Line.

Chicago, Rock Island & Pacific Railway.

Southern Pacific Company.
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SNOW PLOWS.

Ranger Car
6

Canadian Pacific Railway.

Wing Plow with drop Nose
^operated By hand or a ir p

Canadian Pacific Railway.

Row without Wmos

Canadian Pacific Railway.



WING POST.

I
-3"

FLANGER POST.

A

Canadian Pacific
Board black on both sides. Discs and

post white; discs on one side only.
Placed 8 ft. from rail, 150 ft. from
obstructions where wings must be closed
and points lifted.

892

Railway.
Board black on both sides. Discs and

post white; discs on one side only.
Placed 8 ft. from rail, 150 ft. from
obstructions where points and flangers
must be lifted.
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SNOW SHEDS.

SLIDE PROTECTION.

Canadian Pacific Railway.

Southern Pacific Company.

Great Northern Railway.
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SNOW SHEDS.

SLIDE PROTECTION.

Canadian Pacific Railway.

Canadian Pacific Railway.
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SNOW SHEDS.
LEVEL FALL.

Roof boarded

Boarded in Boarded in

Southern Pacific Company.

H S M M 1 « H M B Hi,

Boarded in

,

.* ,
. ., * i j,...

Boarded in

// /T .'-/!' 1

: v .,:;;, l .;''-"..-"^\

Southern Pacific Company.

Telescope Shed.

lanced wheels running on Pails

Southern Pacific Company.
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SNOW SHEDS.

LEVEL FALL.

Southern Pacific Company.

Southern Pacific Company.

• Outsit ElevT^ Loner Section
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SNOW SHEDS.

CUTS.

Canadian Pacific Railway.

Intercolonial Railway.

(Rock Cut.)

Intercolonial Railway.

(Rock Cut.)



Appendix C.

(c) Report on the Use of Concrete Fence Posts, Results Obtained so

far in Actual Service, Designs and Cost.

Concrete fence posts are in use to a limited extent in all fields

wherein wood posts are used. The members of your Committee have

examined posts in cemetery, farm and residence fences. There have

been and are being bought for railroad use various small orders of

concrete fence posts and postmaking machinery and reinforcements.

One maker shipped in 1906 two orders for materials for making 1,000

concrete posts each to the Chicago, Burlington & Quincy and Erie Rail-

roads. It is proposed to order a similar trial shipment for the Michi-

gan Central Railroad.

From observation of concrete fence posts your Committee con-

siders that the concrete post will heave very little or not at all, as

posts set from two to five years ago are at present in almost perfect

alinement, and not a loose or broken post was found. They appear

sufficiently strong for all practical purposes after being properly cured

and set. The claim that concrete posts reinforced with steel form

lightning protectors appears reasonable. They will of course resist

the action of fire and decay. They will not float and cannot be dis-

placed so easily as wood posts. On the other hand, concrete posts

must be carefully handled in loading and unloading and well cured be-

fore using. Fence wire in contact with their surfaces should be well

galvanized.

The concrete post is much heavier than the wood post and the

cost of distributing and setting is about 25 per cent, greater.

It would seem that the concrete post is particularly adapted to

railroad use. Most of the post machines are cheap and portable and

the materials used are in daily use on all roads using concrete ; the

materials are cheap and easily obtained.

Your Committee has corresponded with over twenty manufacturers

of posts and postmaking machinery in the United States and Canada.

A majority of these firms use or advise the use of Portland cement and

gravel varying from the size of sand to pebbles which will pass a wire

screen having meshes of from x/> to i-in. sq. The ratio of cement and

gravel is as 1 to 4. The methods of reinforcing and tamping concrete

posts- vary almost as much as those of fastening the fence wire to the

posts. The machines are of various capacities and design—from the one

post hand mold to the "post per minute" power machine with continuous

mixer attachment. The average total cubic content of the 7-ft. post is

0.825 cu. ft. ; of the 8-ft. post, 0.95 cu. ft. The weights vary from 65

lbs. to 95 lbs., according to methods of manufacture and reinforcement
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used. Concrete posts retail for from 25 cents to 35 cents per post.

End and gate posts are of about three times the volume and cost of

intermediate posts. In section, concrete posts vary from square or rec-

tangular to triangular, half-round and circular. Reinforcements are of

wire, wood, strap steel, steel and wire truss, wood and wire truss, chain

scrap strips and expanded metal. Fence wire fastenings are also of

various forms—from the wire loop around the post to the patent staple

encasement. All the posts observed taper from a smaller top to a

larger base. Some have very wide concrete block bases. The Ormi-

ston Roy concrete post was examined in place in Montreal. The draw-

ings are so complete that the posts and molds need no. description. It

is probable that with the extensive bases and holes for wires eliminated

these posts would compare favorably with other kinds for railroad use.

In response to invitations sent to all manufacturers whose ad-

dresses were known in July, 1908, four concrete post machine firms

demonstrated their machines at Bay City, Mich., making twelve rein-

forced concrete posts each, which posts were tested at the Michigan
Agricultural College at Lansing, Mich. For the purposes of this report,

the competitors are designated by letters A, B, C and D.

The cement used was a fine, slow-setting marl cement. The gravel

was from Maple River Gravel Pit, near Owasso, Mich., suitably screened.

Although containing some unhardened particles, this is very fair, clean

gravel. All competitors used the mixture in the ratio of 1 to 4 of

cement and gravel, the water test having shown the theoretical ratio

to be I to 4:15. The posts were made on the 10th and nth of August,

1908, except the "C" posts, which were made fifteen days later. Illus-

trations showing details of each of these varieties accompany the report.

The "A" post is made on a horizontal steel table the top of which

is formed of six to twelve post molds laid side by side, the flanges

overlapping. Wet concrete is shoveled into the molds, the tops

troweled level and the machine vibrated horizontally until the water

shows on the surface, instead of tamping. The molds a~re removed

from the table after the steel strips are inserted in the wet concrete at

the angles shown in the drawing with a holder which places the rein-

forcement at a certain distance from the concrete surfaces. No wire

fasteners are used with this post, the fence being fastened by winding a

wire around the semicircular post. The holding power of this fasten-

ing is remarkable. Expanded metal reinforcement bent to a semicircle

is also used with this post, which weighs with strip reinforcement

about 85 lbs. ; with expanded metal reinforcement, 89 lbs.

The "B" post in section is triangular with heavy reinforcement of

steel and wire. It is made in a machine carrying two molds which

alternately fill from top hoppers out of conveyor buckets filled from a

continuous mixer. The machine runs by power and tamps the concrete

post by striking the base of the mold on a solid bed while holding

it in an upright position. Without mixer or engine this ingenious ma-

chine weighs about a ton, and is claimed to turn out a post per minute.
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The pallet is of wood and forms one side of the mold. The post when
finished is ejected on the pallet over a horizontal roller table. The
concrete is made damp and one sack of cement makes 6 posts in I to

4 mixture. The posts weigh about 92 lbs. each.

The "C" post is rectangular in section, made in a horizontal mold
by hand and tamped with an iron rod. It lies on a wood pallet which

forms the bottom of the mold. A separate casting top holds the post

in place on the pallet while the two iron sides are pulled or slid off,

the bottom having been removed. The reinforcement is chain scrap,

from two to five strips per post being used. The intermediate posts with

three reinforcing strips weigh about 105 lbs. The fence wire fasteners

are castings which receive and lock the ordinary fence staples. These

castings are set into the wet concrete flush with the surface and at

desired heights to fit the fence wires.

The "D" post is circular and is made of wet concrete of the con-

sistency of cream poured into the mold or cylindrical flask which hangs

vertically, bottom uppermost to a small "traveler." The tamping is done

while the mold is being filled by a slight vertical jar obtained by a cam

contrivance rotated beneath the hanging mold. The mold is of galvan-

ized iron; springs open when released as does the "A" mold; and has

a movable top end piece. The reinforcement is a wood core well

saturated in water with four surrounding wire strands extending its

full length and forming a truss for which much strength and elasticity

are claimed. The "D" fence wire fastening is a strong twisted galvan-

ized wire loop which is a portion of the reinforcement truss, for making

which the inventor has a very ingenious machine. These loops are cut

and the ends tacked down over the fence wire, as shown in the drawing.

The posts are cured while hanging by the loops of wire which protrudes

from the bottoms of the posts and which are also parts of the reinforce-

ments. This loop may be used to hold a bar or stick which would

tend to prevent heaving when the post is set. Both the "A" and "D"

posts have been in use for several years and have been inspected by

members.

These posts were tested in October for tensile strength
;
panels were

erected to test the holding power of the fence in place as well as give

the set posts impact tests and if possible to compare their strength of

resistance to impact, with wooden posts. They were tested in a ma-
chine of large capacity, forty-two (42) in. span, both ends supported,

load applied in center ; and the following results obtained as an average

of seven to twelve posts of each sort so tested

:

First Maximum wt. Deflection in

Name— crack. post broken. inches.

"D" 45S lbs. 1,090 lbs. 0.68

"B" 648 lbs. 1,071 lbs. 0.70

"A" 564 lbs. 1,020 lbs. 0.53

"C" 927 lbs. 1,356 lbs. 0.66



SIGNS, FENCES, CROSSINGS AND CATTLE-GUARDS. 901

It is only fair to all concerned to mention that the "B" and "D"
post machines were operated at' considerable disadvantage. Your Com-
mittee is unable to state the percentage of efficiency lost on this account.
The comparative results show the importance of thorough tamping and
stiff reinforcement near the surface of the post. A cedar post of dimen-
sions identical with the average of these concrete posts would weigh
about one-fourth as much and be four times as strong. The results in

practice show that the wood posts used are much stronger than neces-

sary rather than that concrete posts are not strong enough.
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DISCUSSION.

The President :—We will now receive the report of the Committee

on Signs, Fences, Crossings and Cattle-Guards. The Committee will

please come to the platform. Mr. W. D. Williams, of the Cincinnati

Northern Railroad, is chairman of the Committee, and the chair will

ask him to make a preliminary statement in regard to this report.

Mr. W. D. Williams (Cincinnati Northern) :—The report of your

Committee on Signs, Fences, Crossings and Cattle-Guards will be

found on pp. 299 to 334, of Bulletin 107. The report consists of

recommended additions to the Manual, recommendations as to the

construction of highway grade crossings, recommendations as to snow
fences, snow sheds, flangers, etc., and recommendations as to concrete

fence posts. I would suggest that the recommendations of the Com-
mittee be read and discussed.

The President :—The Secretary will read the clauses recommended
for incorporation in the Manual, and it will be understood that if no

objection is offered, each clause will be considered approved as read.

The Secretary :
—"Your Committee submits the following for ap-

proval and addition to the Manual of Recommended Practice under

the head of 'Gates for Right-of-Way Fences.'

"The width of farm gates should be from 12 to 16 ft., depending

upon the size of agricultural machinery in use in the vicinity. The
minimum height of farm gates should be 4 ft. 6 in. from the surface

of the roadway.

"Farm gates should be hung so as to open away from the track,

and, if hinged, swing shut by gravity."

Mr. L. C. Fritch (Illinois Central) :—A would like to ask the

Committee if they took into consideration, in fixing the height of

farm gates, the laws of the various States with respect to what con-

stitutes a legal fence?

Mr. W. D. Williams :—The Committee did consider the laws of

the several States relating to this subject, and considered that the

height recommended would come nearer complying with the legal

requirements of all the States than the other.

The President :—The Secretary will read the conclusions in ref-

erence to the construction of highway grade crossings.

The Secretary:
—

"(1) For crossings where paving is required to

conform to street specifications, cross-ties should be treated chemically

to prolong their life to the greatest limit possible, and laid on a bed

of stone or slag ballast, not less than twelve (12) in. in depth, placed

in three (3) in. layers, each thoroughly rammed so as to prevent

settlage. An eight (8) in. bed of Portland concrete mixed 1-3-6 can

be substituted for the ballast if desired.

910
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"With the ballast and outside of the tracks, porous tile drains

not less than six (6) in. should be placed at intervals, leading to the

nearest point from which efficient drainage can be obtained.

"The support of the rail on the ties will vary with the character

of paving used.

"If stone blocks are used, a substantial cast or malleable steel

chair, with a base of not less than forty-eight sq. in., should be pro-

vided, fastened to the lie with suitable lag-screws, the , rail fastenings

to be a hook-headed bolt secured with nuts. Ties should be spaced

so as to allow the joints to be supported by these chairs.

"On long stretches of track laid on streets paved with stone

blocks, the use of a special rail section, not less than nine (9) in. in

depth, is advisable, to avoid the use of the chairs mentioned ; with

such a rail, heavy tie-plates should be used as a protection.

"On the outside of the rail, the block paving should be laid up

to the rail-head, but left slightly below it en the inside. An old rail

or a suitable form of rolled filler should be placed to provide a flange-

way, this to be fitted into the space between the head and base of

the track rail; if an old rail is used the flange should be placed as

nearly vertical as possible, the paving between the rails to be limited

by the flanges or fillers. The flangeway should be supported by the

same chairs carrying the track rail, with a clear opening of not less

than two (2) in.

"Where a special rail section is used, the flangeway should be

rolled as a part of it.

"With vitrified or paving brick, the ties should be similar and have

the same foundation as described above, except that with rails of high

section, the use of the cast chairs is unnecessary.

"A heavy tie plate should be placed on each tie where the ordi-

nary track rail is used.

"A strip of treated timber 4x6 in., fitted to the rail and placed

so as to expose three (3) in. of surface next to the rail-head,

should be used next to the outside rail, and this should be paved

against; the strip should be one-quarter (J4) in. below the rail-head.

"Metal flangeways should be provided as described above, and

paved against in like manner.

"With asphalt paving, a similar construction as for vitrified brick

is recommended.

"Paving between and outside of the rails should be laid in the

most approved and workmanlike manner.

"(2) Street crossings where no paving is required should be

divided into two classes—those with plank laid the entire width and

length, and those with plank only next the rails and at the ends and

filled between with suitable material.

"For the first style, the plank should be of such timber as can be

most economically obtained, not less than three (3) in. in thickness.
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the outside planks to be shimmed, so as to be one-quarter {%) in.

below the rail-head, and those inside similarly shimmed when necessary.

"An old rail laid on the side of some suitable form of rolled metal

shape should be used as a flangeway, its ends to be slightly bent in-

ward, so as to give an opening of not less than four (4) in. at the

ends, the flangeway through the balance nf the crossing to be not

less than two (2) in.

"The intermediate planking should be closely fitted to the base

of the old rails or other metal forming the flangeway. so as to avoid

the necessity of further securing ihem to the ties.

"For fastening the planking to the ties, ->^x8 in. cut spikes should

be used for rails five (5) in. in height and under.

"The ends of the planking should be beveled both between and
outside the rails to a thickness of one (1) in., commencing at a point

ten (10) in. from the end.

One plank not less than ten (10) in. in width should be used

on the outside of the track rails, and the total length of the planking

should conform to the required street width.

"Concrete, slag or other suitable material should be used from
the plank outside of the rails to such distance necessary to properly

complete the crossing.

"Where the requirements do not call for continuous planking

over the tracks, one plank should be placed each side of each rail,

with the flangeway rails or metal shapes as described above and simi-

lar in other details, with the exception that a filling of concrete, slag,

gravel or other suitable material should be used between the planks,

the material to be filled in level with the top of the planking after

a thorough compacting.

"In the description of street crossings for cities and towns, no

limits as to approach grades are given, such physical characteristics

being governed by local laws and conditions. The width of the street

crossings is also governed by local requirements."

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :

—

I ask if the word "settlage," in the first paragraph, is good English?

The President :—The chair would say that all words of doubtful

English will be given consideration by those in charge of the Manual
before the words are embodied therein.

Mr. C. H. Ewing (Philadelphia & Reading) :—In the recommenda-

tions as to highway crossings, the flangeway at the crossings is given

as 2 inches. It is quite an important matter, and I would like to

know if the Committee has considered a wider throat than that. It

is our practice to use 2 r/> in.

Mr. W. D. Williams :—The Committee considered 2 in. about

the proper clearance.

Mr. Ewing:—I would like to have some discussion on the width

of flangeway. It seems to me quite an important matter. We have

probably all of us had to pay claims for injury to animals at road



SIGNS, FENCES, CROSSINGS AND CATTLE-GUARDS, 913

crossings. The width of the flangeway with us has been a very live

matter. Our standard width is 2 1/, in. Unfortunately, where we
have trolley crossings at grade with a flangeway necessary for the

crossing frogs, we have been forced to narrow that to i% in. to

conform to our standard crossing. I have found during the past

winter there have been several accidents on the crossing where there

was a 1^4-in. flangeway, particularly when the horses are shod with

very long corks. It is found that the corks become wedged under

the rail, and it is almost impossible for an animal to free itself. In

one case, even with cast-iron fillers in the crossing, an animal was

wedged so that it was necessary to get a bar to pry it loose. We
do not have that trouble to a very great extent where the flangeway

is 2J/2 in.

iMr. C. H. Stein (Central Railroad of New Jersey) :—I would

like to take exception to the width of flangeway. I have in mind a

crossing similar to the one referred to by Mr. Ewing, where the

flangeway is 1% in. instead of 1^4, which approximates the 2 in.

specified in the report. I know of at least twenty-five accidents that

have occurred at that crossing, where animals shod with what they

call the "never-slip toe piece" have become wedged, some of them

injuring themselves seriously, entailing upon the railroad company

quite a considerable expense in order to liquidate claims made upon

it. I also know of a few cases where the flangeways ranged from

2 to 2Y2 in., our standard being 2 T/2 in., and accidents have hap-

pened even at such points. I mention that to indicate that

since an accident does occur at a point where the flangeway

is 2^2 in., it is more possible to occur in a more narrow flangeway

when animals are shod with this peculiar form of toe piece. I.

therefore, think, in order to permit railroad organizations to have

a larger flangeway than 2 in., as specified in the report, that there

ought to be some latitude for them to employ 2.V2 in. opening if

they find it expedient. I suggest it be made not less than 2 in.

and not more than 2\'2 in. I make that as an amendment to the

report of the Committee.

MY. Ewing:—I second the amendment.

Mr. L. C. Fritch :—It seems to me, by prescribing the limit?

of that kind we open up a very dangerous question. Suppose there

is a crossing that has more than 2^ in. flangeway, and some legal

difficulty arises. A lawyer might secure a copy of these proceed-

ings, and would point to the fact that "here is an Association that

recommends that 2^2 in. as the maximum width allowable." We
might get into serious trouble. It seems to me the Committee has

put the matter in a very safe way, "not less than 2 in." They

have not specified any maximum. I would prefer to see it stand

as the Committee has it.

Mr. W. M. Camp (Railway and Engineering Review) :—In regard

to accidents at flangeways of road crossings : If the space directly
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underneath the head of the rail is not blocked, there is danger of

accident there on account of the calks of. horseshoes catching. I

think if the space be blocked solidly, as when an old rail is used

for the flangeway, that accidents on account of the feet of animals

catching will be avoided.

Mr. Ewing:—The accidents at the place to which I referred

had a steel filler the entire length, and even then the sharp corks

were caught. The width of the flangeway is an important matter

and might lead us into considerable trouble. We have been called

upon twice this past winter to get testimony from other railroads

as to their width of flangeway. The question has been raised in court

in two of our suits, and we had to produce evidence in support of

the width which we maintained. The Pennsylvania Railroad, I under-

stand, are using the same width of 2^> in.

(Motion lost.)

The Secretary:
—

"(3) For public roads and highways outside of

towns and cities, the crossing construction should be similar to that

described for streets which have the minimum amount of planking

and ballast filling between them. Such crossings should be level for

a distance of five (5) ft. on each side of the outside planks; on a

fill, the approach grade should not exceed 6 per cent.

"Where the crossings are in a cut, the ditch drainage should be

provided for by the use of terra cotta pipe where feasible, but if the

volume of water is too great, box culverts or bridges of similar

width to the crossing should be provided.

"The width of highway crossings should be not less than sixteen

(16) ft.

"(4) Crossings of farm or private roads should be constructed

by filling with ballast or other suitable material level with the rail-

head, on the outside and inside, leaving a proper flangeway inside

the rails. Such crossings should be level for not less than three (3)

ft. each side of the rails, and the approach grades should not exceed

eight (8) per cent.

"In cuts, proper provision should be made for drainage, as for

highway crossings.

"The width of farm or private road crossings should be not less

than twelve (12) ft."

Mr. G. A. Mountain (Canadian Railway Commission) :—I notice

that the conclusion states that farm gates shall be 12 to 16 ft. The
law in Canada is that no farm gates shall be less than 14 ft., and
in the prairie country 16 ft. We find farm implements used in the

eastern provinces that will not go through a 12-ft. gate. That is

the law with us, and I thought I would make my protest now.

Mr. W. D. Williams:—I did not understand (Mr. Mountain's

statement.

Mr. Mountain :—Gates 14 to 16 ft. are used in Canada.

Mr. Churchill :—Since these conclusions include the point Mr.



SIGNS, FENCES, CROSSINGS AND CATTLE-GUARDS. 915

Mountain raised as to farm gates, it seems to me it would be well

to add a clause in the description, namely, "or as required by the

laws of the States through which the railroad may pass," or some-

thing to that effect.

Mr. W. D. Williams :—The Committee will accept Mr. Churchill's

suggestion.

The Secretary:
—

"Definition.—Snow Fence.—A structure erected

for the purpose of accumulating drifting snow.

"Snow is carried by the wind close to the surface of the ground

and is deposited into railway cuts on account of the eddies which

these cuttings cause in the wind.

"The function of the snow fence is to form artificial eddies on

the windward side of the cut at sufficient distance to cause the snow

to deposit between the snow fence and the cut.

"The location of the drift or eddy depends upon the form of the

fence. A tight fence of sufficient height will cause the snow to ac-

cumulate on the windward side of the fence; an open fence causes

the snow to accumulate principally on the leeward side. The distance

between the fence and the drift depends upon the height of the fence,

the width of the openings between the boards, the velocity of the wind

and the character of the snow.

"The character of the snow fence and its location for the pro-

tection of a given point depends largely upon local conditions, some

of which can only be determined by experiment, and for this pur-

pose portable snow fence is recommended.

"Where local conditions admit, a permanent snow fence located

on the right-of-way fence line is most economical.

"If permanent wooden fences are used, the boards should be

laid close, where the right-of-way is 50 ft. or less from the center

of the track; for greater distances space should be provided between

the boards, and at 100 ft. distance, 50 per cent, of the fence should

be open space.

"The height of permanent board fence depends upon the probable

amount of snow. The maximum height, however, should be 10 ft.

"In most cases local conditions require the use of a portable snow

fence. These fences are usually erected in the fields adjoining the

right-of-way. They should be set on the windward side of the track

at right angles to the prevailing winds and, to provide for variations

in the direction of the wind, it is sometimes necessary to set the

panels in crescent form. For ordinary conditions one line of fence

is sufficient. The quantity of snow sometimes requires the use of

three or four lines of portable snow fences set parallel and spaced

about 100 ft. apart. These fences should be removed in the spring

so as not to interfere with farming operations.

"Hedge fences should be used where the quantity of snow is not

too great, and where local conditions, including the economic feature,

admit. Properly maintained hedge fences are effective in beautifying

the right-of-way.
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"Stone walls should be used for snow fences where suitable stones

for dry masonry walls are delivered free to the railway company*

by the adjoining property owners.

"Temporary snow fences should be constructed of ties, laid in

the form of worm fences.

"Miscellaneous Methods.—Railways constructed in Northern coun-

tries should have the track raised about 2 ft. above the general level of

the ground, and for cuttings less than 4 ft. A flat slope of 4 to 1

should be given to both sides of the cutting.

"In construction of new railways, or in grade revision, or trestle

filling on existing railways in snow districts, the material should be

taken from the sides of the cuttings. A steam shovel cut on each

side is most effective in providing a place for snow to accumulate

for ordinary snow conditions for cuttings up to 20 ft. in depth.

"Salt should be used on switches only during that portion of the

winter when the snow melts in daytime and freezes at night.

"Where exhaust steam is available it should be carried about

twelve inches beneath the surface of the ground at points where the

accumulation of the ice requires frequent removal during the winter.

"Snow Plows.—Rotary snow plows are necessary for quick re-

moval of snow where the depth of the drift exceeds six feet and its

length exceeds three hundred feet, or where the natural snowfall has

filled deep cuttings which the push plow cannot remove. Rotary snow

plows are sometimes used to advantage in the removal of snow slides

in mountain districts.

"Push plows should be used for a level fall of snow and minor

drifts, whenever the depth is too great to be removed by snow Hangers.

Snow flangers should be used for the removal of snow whose depth

is less than six inches over the top of the rail.

"Snow Sheds.—Snow sheds are expensive to construct, and ex-

pensive to maintain, and the railway should be located, if possible, so

as to prevent the necessity of their construction. Their use should

be confined to localities which require protection from mountain snow-

slides, and then they should be constructed of more permanent material

than is now ordinarily used."

The Secretary:

—

"Concrete Fence Posts—Concrete posts will

heave very little, or not at all, as posts set from two to five years

ago are at present in almost perfect alinement, and not a loose or

broken post was found. They appear sufficiently strong for all prac-

tical purposes after being properly cured and set. The claim that

concrete posts reinforced with steel form lightning protectors appears

reasonable. They will, of course, resist the action of fire and decay.

They will not float and cannot be displaced so easily as wood posts.

On the. other hand, concrete posts must be carefully handled in load-

ing and unloading and well cured before using. Fence wire in contact

with their surfaces should be well galvanized.
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"The concrete post is much heavier than the wood post, and the

cost of distributing and setting is about 25 per cent, greater.

"It would seem that the concrete post is particularly adapted to

railroad use. Most of the post machines are cheap and portable and

the materials used are in daily use on all roads using concrete

:

the materials are cheap and easily obtained."

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—I have given

this report considerable study with reference to its printing in the

Manual, and I must say that it is a, valuable report. I think, how-

ever, that the text printed in boldfaced type, on pp. 302-304 and 311, of

Bulletin 107, should be boiled down. The Manual should contain the

definitions and plans and principles of practice. It seems to me that we
should condense this as much as possible, and I, therefore, move that

the conclusions 'of the Committee on page 301, being four in number,

be approved by the convention, with the understanding that the text

printed in boldfaced type be reduced to a statement of principles.

Mr. L. C. Fritch :— I second the motion.

The President :—The question before the house is the motion of

Mr. Wendt, seconded by Mr. Fritch, that conclusions 1, 2, 3, and 4,

on page 301, be adopted, with the understanding that the details con-

nected with these conclusions be modified in order to be incorporated

in the Manual of Recommended Practice.

Mr. Wendt:—May I also suggest that when the text is boiled

down to a statement of principles, that an illustration accompany the

text, for interpretation, in connection with the principles of practice

to be printed in the Manual.

The President :—The Committee will take cognizance of that.

(Motion carried.)

The President :—The Committee will be excused, with the thanks

of the convention.





REPORT OF COMMITTEE NO. I—ON ROADWAY.
(Bulletin 108.)

To the Members of the American Raihvay Engineering and Maintenance

of Way Association:

Your Committee on Roadway presents herewith its tenth annual

report.

Meetings of the Committee were held in Chicago on July 24, Octo-

ber 9, and November 20, 1908. The following members were present

at the different meetings : G. H. Bremner, S. B. Fisher, John C. Beye,

D. J. Brumley, Moses Burpee, W. C. Curd, W. M. Dawley, Paul Didier,

C. Dougherty, A. M. Kinsman, W. D. Pence, J. A. Spielmann, J. E.

Willoughby, R. C. Young.

The following sub-committees were appointed

:

A

—

Track Elevation and Depression: G. H. Bremner, Chairman;

Paul Didier, D. MacPherson.

B

—

Watenvays: Prof. W. D. Pence, Chairman; John C. Beye,

W. C. Curd, John G. Sullivan.

C

—

Washouts, Drainage and Curing of Slides: S. B. Fisher, Chair-

man; Moses Burpee, W. M. Dawley, C. Dougherty, R. C. Young.

D

—

Surface and Sub-Surface Drainage and Tiling of Wet Cuts:

J. E. Willoughby, Chairman; D. J. Brumley, W. M. Dawley, A. M'.

Kinsman, J. A. Spielmann.

E

—

Special Sub-Committee to Report on Use of Specifications:

H. J. Slifer.

The Board of Direction assigned the following subjects to your

Committee

:

(1) Continue the consideration of track elevation and depression

inside of cities, and grade and curve improvement work outside of

cities, and submit recommendations covering more particularly questions

of detail relative to the handling of the work.

Supplementing its last report on the subject of Track Elevation

Work Inside Cities, your Committee presents in Appendix A some

further discussion on this question.

In connection with the subject of Track Elevation and Depression,

it has seemed desirable to your Committee to make a compilation of the

laws of the several States relating to the question of separation of

grades. This compilation will appear in a future Bulletin and will be
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reprinted in the annual volume of Proceedings. A summary of the

laws is given in Appendix A.

(2) Report, on the best method for determining the size of water-

ways.

In Appendix B (pp. 89-146) your Committee submits the result of its

labors on the question of "Best Method of Determining the Size of

Waterways."

(3) Report on the protection of the roadbed in embankment and

excavation from the action of water, more particularly with reference

to protection from zvashouts or overflows and from slides, whether

caused by surface or underground water.

On the subject of Slides and Washouts, your Committee presents

in Appendix C a digest of interesting and instructive replies to a cir-

cular of inquiry, treating of various phases of the subject,- from mem-

bers of the Association and others, in the graphic language of their

authors.

(4) Report on the surface and sub-surface drainage of embank-

ments and excavations.

(5) Report on the tiling of wet cuts and the curing of slides.

In Appendix D your Committee submits its report on the subject

of Surface and Sub-Surface Drainage and Tiling of Wet Cuts.

CONCLUSIONS.

Your Committee recommends the adoption of the following con-

clusions as Recommended Practice

:

WATERWAYS.

(1) In determining the size of a given waterway, careful con-

sideration should be given to local conditions, including flood height

and flow, size and behavior of other openings in the vicinity carrying

the same stream, characteristics of the channel and of the watershed

area, climatic conditions, extent and character of traffic on the given

line of road and probable consequences of interruptions to same, and

any other elements likely to affect the safety or economy of the culvert

or opening.

(2) (a) The practice of using a formula to assist in fixing the

proper size of the waterway in a given case is warranted to the extent

that the formula and the values of the terms substituted therein are

known to fit local conditions.

(b) Waterway formulas are also useful as a guide in fixing or

verifying culvert areas where only general information as to the local

conditions is at hand.

(c) The use of such formulas should not displace careful field

observation and the exercise of intelligent judgment on the part of

the engineer.
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(d) No single waterway formula can be recommended as fitting

all conditions of practice.

SLIDES.

(i) Every slide should be considered as a problem by itself.

(2) The cause of the slide should be sought. The removal or pre-

vention of the cause is as important as the restoration of the roadway.

(3) Piles or retaining walls for the prevention and cure of slides

are not recommended; but their use is permissible for temporary repairs

and in special cases.

*(4) Underground water if present should be drained away or

intercepted before it reaches the slide.

(5) The surface of the slide and the restored roadway should be

graded so water will run off and not lie in pools. The surfaces may

be compacted or sodded.

(6) The flattening of the slope is the most economical and per-

manent method of curing a sliding embankment.

(7) The removal of the material is nearly always the most

economical and permanent method of curing a slide in excavation.

(8) A relocation of the line is sometimes necessary where the

slide takes the proportions of an avalanche.

WASHOUTS.

(1) The ends of trestles and bridges should be protected with

riprap or by other efficient means.

(2) Main track should be raised above height of flood waters and

carried on strong and stable roadbed, so that it will not be subject to

overflow.

(3) The track on an embankment subject to overflow should be

ballasted with heavy angular ballast and anchored, and the lower

slope of the embankment protected with riprap.

(4) On bridges subject to overflow the track should be anchored.

(5) If the velocity of the water carries away the riprap or other

protection against scour, the width of the opening should be increased.

(6) If track is washed out temporary repairs should be made by

filling in, cribbing or driving piles, to be followed by the permanent

restoration of the roadway.

SURFACE AND SUB-SURFACE DRAINAGE AND TILING OF WET CUTS.

(1) All the water possible should be kept off the roadbed.

t(2) Surface intercepting ditches should be provided for the

protection of cuts.

(3) Intercepting ditches or pipe drains should be provided for the

protection of banks built on saturated soils.

Amend by omitting the words "if present."

tAmend by transposing the words "surface intercepting."
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(4) Side ditches should be constructed in cuts through all classes

of materials.

(5) Pipe drains should be provided for the drainage of wet cuts.

Respectfully submitted,

Geo. H. Bremner, Engineer, Illinois District, Chicago, Burlington &
Quincy Railway, Chicago, 111., Chairman.

S. B. Fisher, Chief Engineer, Missouri, Kansas & Texas Railway, St.

Louis, Mo., Vice-Chairman.

John C. Beye, Locating Engineer, Chicago, Rock Island & Pacific Rail-

way, Chicago, 111.

D. J. Brumley, Principal Assistant Engineer, Illinois Central Railroad,

Chicago, 111.

Moses Burpee, Chief Engineer, Bangor & Aroostook Railroad, Houlton,

Me.

W. C. Curd, Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo.

W. M. Dawley, Assistant Engineer, Erie Railroad, New York, N. Y.

Paul Didier, District Engineer, Baltimore & Ohio Railroad, Allegheny,

Pa.

C. Dougherty, Civil Engineer, New York, N. Y.

A. M. Kinsman, Engineer of Construction, Baltimore & Ohio Railroad,

Baltimore, Md.

Duncan MacPherson, Assistant Chief Engineer, National Transconti-

nental Railway, Ottawa, Ont.

W. D. Pence, Professor of Railroad Engineering, University of Wis-

consin, Madison, Wis.

H. J. Slifer, General Manager, Panama Railroad, Colon, Panama.

J. A. Spielmann, Engineer Maintenance of Way, Baltimore & Ohio

Railroad, Wheeling, W. Va.

J. G. Sullivan, Assistant Chief Engineer, Canadian Pacific Railway,

Montreal, Can.

J. E. Willoughby, Engineer of Construction, Louisville & Nashville

Railroad, Louisville, Ky.

R. C. Young, Chief Engineer, Lake Superior & Ishpeming and Munising

Railways, Marquette, Mich.

Committee.



Appendix A.

TRACK ELEVATION AND DEPRESSION.

Supplementing its report of 1908, your Committee presents here-

with a description of a typical organization and method of handling

track elevation work. The Committee is indebted to Mr. F. L. Stone,

Engineer of Track Elevation of the Chicago, Burlington & Quincy

Railroad, for this interesting article

:

"Having been associated with the track elevation work of the

Burlington Company almost from its start, the writer has been par-

ticularly interested in the discussion and findings of the Association

relating to this subject, and in the following article he has endeavored

to compare his experience with the recommendations of the Association.

"Our organization has been, in the main, that recommended by the

Association. The plans, estimates and execution of the work are under

the direct charge of the Engineer of Track Elevation, except that in

matters directly affecting the operation of the road the Division Super-

intendent is consulted.

"This arrangement has been followed for the last two years and

proven fairly satisfactory, though a different Superintendent served

each year. Such an arrangement cannot be recommended for general

use, ifior, to be successful, there must be harmony, and this is not

always possible where authority is divided.

"The detail of our organization is as follows : Engineer Track

Elevation, having general supervision of plans, estimates and execution

of the work. To him report: Superintendent of Construction, in direct

charge of all work handled by Company forces ; Assistant Engineer, in

charge of surveys, plans, estimates, lines and grades and drainage

;

Assistant Engineer, in charge of contract and subway work ; Assistant

Engineer, in charge of accounting; material clerk, in charge of stores

and supplies ; timekeeper.

"The design of retaining walls and bridges is under the Bridge

Engineer, who also furnishes inspectors, who report direct to that

department.

"To the Superintendent of Construction reports the General Car-

penter Foreman, in charge of temporary bridges, forms and concrete

;

the Roadmaster, in charge of filling and all track forces ; the Yard-

master, in charge of switching and work trains.

"The Engineer of Track Elevation directs all plans and estimates,

arrangements with other roads and industries, outlines 1o Law De-

partment matters to be adjusted with the city, approves all orders for
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material and all bills of expense, directs general procedure of work
as to methods and amount of force, whether by Company forces or

by contract.

"The Superintendent of Construction is in direct charge of the

work which is performed by labor employed by the Company. He
reports to the Engineer in all matters relating to the work, and takes

instruction direct from the Division Superintendent as to operations

which affect the handling of traffic.

"As our operations have all been on our main line with heavy

traffic, train movements and signals have been handled by the regular

operation forces, the Engineer of Track Elevation and Division Super-

intendent agreeing on the general procedure for doing the work.

"The Superintendent of Construction makes detail arrangements

with the proper operating official for the daily work.

"The Burlington Company has been one of those which has made
a practice of doing practically all of the work on its right-of-way with

Company forces. This, the writer believes, is economical, but could

be made more so if the work were handled in the same manner as

contractors handle it. Contractors have proven the rule that foreman

and sub- foreman must be competent, fairly paid, and the amount of

work handled by each must not be greater than can be directly over-

seen, each man in charge being held accountable for the cost and quality

of work.

"If an organization should be developed to handle all excavation,

carpenter, and concrete work on a basis as proven economical by

contractors, the Company would save several thousand dollars yearly.

To accomplish this, the Company must authorize the Engineer to pay

for work done and not a rate per man, which is the customary rule.

"The Engineer, if competent to handle the work under one method,

is competent to determine whether the cost of work will be increased

or decreased by the use of a higher grade labor.

"The writer is a firm believer in Company work. There is no

reason why forces employed by the Company cannot do work as

cheaply as anyone, providing the quantity of work to be done warrants

the forming of an organization. Our cost results show favorably with

contract prices.

"The main economy lies in the ability to shift the labor on account

of unavoidable delays, so where a contractor might have a claim for

extra compensation, the Company would get full value on other work.

"Our practice has conformed to recommendation No. three (3).

Our filling is loaded by steam shovel in side-door cars hauled by work

train, unloaded by Lidgerwood unloaders and spread by Jordan spreaders.

"The loading and work train were handled under the direction

of the Division Superintendent at Aurora. The filling pit is located

a few miles distant from the Division headquarters, so that train crews

are called two hours ahead of departure time.

"Each night the Superintendent of Construction advised with the
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Superintendent's office by telephone as to operations at tne pit to

ascertain the quality or kind of material and amount or number of

trains and time they were to be dispatched. The regular schedule was

three trains daily of 35 cars each; maximum amount handled, 5 trains.

The trains were run into a storage track convenient to the work and

divided into two or three parts, for facility in unloading. Our expe-

rience indicates no economy in trying to take more cars at one time

than can be handled easily by the switch engine en the rough con-

struction tracks and approach grades.

"The unloading track, or construction track, as it was called, was

built with 75-lb. rail and oak ties, and was kept thrown close to the

edge of the fill by jacks. In throwing the track the side nearest the

edge of the bank was kept from 4 to 6 in. high. The work train would

compact the fill until this side was from 4 to 6 in. low, when the

operation would be repeated. The spreader cut was adjusted, so that

one or two cuts could be unloaded before spreading.

"Under operating conditions imposed this year, we found 4,000

cu. yds,, to be the economical average for one plow and spreader.

"By having a sufficient number of cars in service so that material

is always on hand, the economical average might be increased to 5,000

or 6,000 cu. yds. This would, however, require additional storage room,

more switching, and require a larger area of construction space.

"Our Company has always insisted in both doing the work and

handling all business in same territory. The writer is not at all in

sympathy with this policy, as the strenuous life is too long continued.

Some companies turn over as large an area as possible to construction

and then rush the filling as fast as possible, thus giving the area back

to the Operating Department, and leaving a full season to devote to

concrete, bridges and subway work.

"Our material covered every point under recommendation No.

four (4). It consisted of glacial drift, covered with from one to two ft.

of loamy soil. The drift varied in size from fine sand to medium
gravel. We selected the cars containing good gravel for ballast and

used this on top, so that no special ballast was required. After being

compacted by the work train, but little work was required to keep

the new tracks in good surface.

"Temporary bridges were used at intersecting streets and were

built continuous across the right-of-way, so that tracks might be thrown

on the bridges at the same time as on the embankment. We used

double caps to save labor in keeping the bridge decks to surface. This

feature reduced the maintenance to less than one-half.

"In crossing the P., C, C. & St. L. Ry., C, T., T. R. R. and C. J.

Ry., in all eight tracks, we placed the permanent bridges, consisting of

two through-girder spans in place on steel columns, making the ap-

proaches by trestle.

"We follow the practice of recommendation No. six (6), and find

; t economical as well as most satisfactory."
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ELIMINATION OF GRADE CROSSINGS.

In connection with the subject of Track Elevation and Depression

assigned to your Committee by the Board of Direction, it has. been

deemed proper to make a compilation of the laws of the different States

bearing on the matter of elimination of grade crossings, more par-

ticularly with reference to the matter of the division of expense.

An analysis of the laws of the States discloses the fact that in a

number of the States railroads are aided financially in work of this

character.

States in which the railroad company bears one-half the expense

:

Connecticut, New York and Ohio.

States in which the expense is shared on a basis of 65 per cent,

by the railroad company, 25 per cent, by the State, and 10 per cent, by

the municipality : Indiana, Massachusetts and Vermont.

States in which the expense is a matter of agreement: New Jersey,

Pennsylvania and Rhode Island.

States in which as yet no legislation has been enacted providing for

the division of expense : Alabama, Arizona, Arkansas, California,

Colorado, Delaware, Florida, Idaho, Illinois, Iowa, Kentucky, Louisiana,

Maine, Michigan, Minnesota, Mississippi, Missouri, Montana, Nebraska,

Nevada, New Hampshire, New Mexico, North Carolina, North Da-

kota, Oklahoma, Oregon, Tennessee, Texas, South Carolina, South

Dakota, Utah, Virginia, Washington, West Virginia, Wisconsin and

Wyoming. There is no legislation in Canada bearing on this subject.

For the purpose of this report your Committee has made an ab-

stract of the laws of the several States, and submits the same herewith

as information. The compilation above referred to will be published in

detail in a future Bulletin.

ABSTRACT OF LAWS RELATING TO THE ELIMINATION OF GRADE CROSSINGS,

ARRANGED BY STATES.

Alabama—In general no elimination except in the City of Bir-

mingham.

Arkansas—No legislation. The railways eliminate wherever prac-

ticable.

California—No legislation.

Colorado—Constitutionality of law creating State Railroad Com-
mission still in question.

Connecticut—The acts of 1876, 1877, 1884, 1888 and 1889 provide

that each railroad company remove at its own expense one grade cross-

ing each year for every 60 miles of road operated by it. From 1889

to 1908, 232 eliminations were made out of a total of 1,193 grade cross-

ings. All the grade crossings of the New York, New Haven & Hart-

ford Railroad between the New York State line and New Haven (73.25

miles) have been eliminated, and all but seven between New Haven

and New London have been eliminated. The Connecticut law requires
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that when a railway petitions Railroad Commissioners for abolition of a

grade crossing the railway bears the entire expense ; if the petition is

brought by town, borough or city, the railway bears 75 per cent, and

the town, borough or city 25 per cent. ; if the Railroad Commissioners

order change without petition, the railway bears 75 per cent, and the

State 25 per cent. ; county pays nothing in any event.

Florida—No legislation.

Georgia—No legislation.

Illinois—The railways pay 100 per cent. The State Railroad and

Warehouse Commission has question of elimination throughout State

under consideration. (See Chicago.)

Indiana—Under the general law creating State Railroad Commis-

sion any railway may apply to the Commission for the separation of

grades; and the Commission shall issue orders and instructions, and

apportion expenses. The Commission has no authority to initiate pro-

ceedings. No carrier has yet made application under the law.

Iowa—No legislation.

Kansas—In a number of instances the county and municipal gov-

ernments have borne part of the expense. (See Kansas City.)

Louisiana—The State Railroad Commission requires approved inter-

locking devices at crossings; in default of these, trains must come to a

full stop and whistle 200 yards before reaching crossing. The country

is level and the Commission has felt it inexpedient to require eleva-

tion of tracks or trestles at crossings.

Maine—Railroads have for several years, where they could do so

without extraordinary expense, eliminated grade crossings ; from 1890

to 1907, 165 such crossings have been eliminated. Neither towns nor

counties nor the State provide any funds to assist in eliminating grade

crossings.

Massachusetts—The State of Massachusetts has a statute cover-

ing the separation of grades which provides that the officers of the

railroad, a city or a town may petition the Supreme Court for the

elimination of any crossing within their jurisdiction. On this petition

the court appoints a Commission of three men, one at least of whom
shall be a civil engineer. This Commission holds hearings at which all

parties in interest are represented as in a court of law and evidence is

introduced, in the first place, to show that public necessity requires the

abolition of the crossings in question. It is frequently the case that the

Commission decides that certain of the crossings involved, where there

is more than one, do not demand elimination. It is seldom that the

petition for a single crossing is rejected. After this stage is passed

the Commission prescribes the detailed method in which the work

shall be accomplished. This is quite frequently a compromise be-

tween that asked for by the two parties. The Commission says who
shall do the work and the expense is divided by an auditor commis-

sioned by the court, the railroad paying 65 per cent., the State 25 per

cent., and the city or town 10 per cent. During 18 years the average



928 ROADWAY.

expense has been proportioned as follows: Railways 61 per cent., State

26 per cent., city 13 per cent. No' county has been assessed nor does

the law contemplate such assessment.

Michigan—There have been a number of eliminations, but no cost

has been paid by the State; but machinery is provided whereby cities may
join with railways in improvements. (See Detroit.)

Minnesota—No legislation. Matter is left to settlement by the

cities. The terms of settlement vary; railways usually build the neces-

sary bridges and sometimes the approaches; sometimes also pay damage
costs. There is a case now pending before the United States Supreme
Court, in re right of a city to compel railways to build bridges and
eliminate grade crossings, even though streets were opened subsequent to

grant of right-of-way.

Missouri—No legislation. (See Kansas City, St. Joseph and St.

Louis.)

Montana—In the city of Butte two grade crossings have been

eliminated, the railway paying 33J/3 per cent., and the city 6G2
/z per cent.

Nebraska—Under the laws of this State the railways may be re-

quired, under certain conditions, to build viaducts in cities of the first

and metropolitan classes. The railway pays 100 per cent., except

damages to abutting property.

Nevada—In the city of Reno one grade crossing has been eliminated,

the railway paying 50 per cent., and the city 50 per cent.

New Hampshire—For fifty years railways have eliminated crossings

wherever practicable, bearing the entire expense.

New York—The grade crossing law of 1897, amended in 1906, pro-

vides that wherever a change is made as to an existing crossing in

accordance with the provisions of the law, 50 per cent, of the expense

thereof shall be borne by the railroad corporation, 25 per cent, by the

municipal corporation, and 25 per cent, by the State. Where the rail-

way crosses existing street or road, the railway pays 100 per cent.;

where a new street or road crosses existing railway, the railway pays

50 per cent, and the city 50 per cent. ; the railway maintains bridges

and the city the approaches. Special acts have empowered Buffalo and

New York to contract with railways ; and have provided for definite

work in Brooklyn and elsewhere, of which 50 per cent, is paid for by

railway and 50 per cent, by city, except that city's total expenditure is

usually limited to a specific sum. (See Buffalo and New York.)

North Carolina—The State Corporation Commission is empowered

by law to require lowering or raising of railway crossings ; there are

few eliminations, one case being settled by agreement.

North Dakota—No legislation.

Ohio—The acts of 1893, 1902 and 1904 empower cities to require

raising or lowering of tracks, and forbid future construction of grade

crossings, except by permission of a common pleas court. The act

of 1893 apportions the cost on the following basis : Railway 65 per
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cent., city or county 35 per cent. The act of 1892 apportions 50 per

cent, on the railway, and 50 per cent, on the city. The city's share

may be assessed up to 50 per cent, against any street railway using

street. Railways have not had initiative in eliminating grade crossings,

and have usually borne total cost. A proposed law gives railways

initiative, cost to be borne 65 per cent, by railways and 35 per cent,

by city or county.

Oklahoma—No legislation.

Oregon—No legislation.

Pennsylvania—In the laws of Pennsylvania it is provided, as one of

the corporate powers of cities, that they shall have power to provide

for, and require, the construction and maintenance of bridges or other

crossings over or under railroad tracks, and to enter into contracts

with railroad companies for the construction and maintenance of the

same. (See Philadelphia.)

Rhode Island—Under special act several Providence grade cross-

ings were eliminated some years ago ; the expense was borne on the

following basis : Railway 66^ per cent., city 33^ per cent. The

Rhode Island railways pay a tax to cities and towns in which property

is located, hence State and county bear no share of grade crossing

elimination cost.

South Carolina—No legislation.

South Dakota—No legislation.

Texas—No legislation.

Vermont—The law requires each railway to eliminate one grade

crossing^each year for every 80 miles of line ; in 1907, 23 grade crossings

were eliminated. The expense was borne on the basis of, town 10 per

cent., State 25 per cent., and the railway 65 per cent.

Virginia—The State Corporation Commission settles each complaint

on its merits ; when under or overgrade crossings are ordered, the

railway pays 50 per cent, and the County Board of Supervisors 50 per

cent. The Norfolk & Western Railway has eliminated practically all

grade crossings on its double track line.

Washington—No legislation. The State Railroad Commission is

urging suitable legislation.

Wisconsin—Milwaukee is requiring the Chicago & Northwestern

Railway to eliminate city grade crossings. (See Milwaukee.)

ELIMINATION OF GRADE CROSSINGS, ARRANCED BY CITIES.

Birmingham, Ala.—There is a proposition pending under the act' of

last legislature.

Buffalo, N. Y.—Ten Grade Crossing Commissioners, appointed

by act of 1888, are empowered to contract with railways for elimination

of crossings; from 1888- 1905, 65 grade crossings have been eliminated;

under the present contract five additional crossings are to be eliminated.

These 70 eliminations involve the construction of 42 bridges, viaducts,

etc., and the closing of 25 streets.
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The distribution of expense is made on the following basis : right-

of-way work, railway ioo per cent. ; construction work, railway 7854

per cent., city 2i l/2 per cent.; land purchased, railway 66^3 per cent.,

city 33J/3 per cent. ; estimated future cost of structures—construction,

railways 74 per cent., city 26 per cent. Contract with New York

Central Lines, 19x17 : work within streets, railway 65 per cent., city 35

per cent. ; work outside street lines, railway 100 per cent. ; consequential

damages, railway 55 per cent, city 45 per cent. The city maintains

viaduct bridges, approaches and subways.

Chicago, 111.—The city has a department of track elevation. Total

number of grade crossings eliminated 553, future eliminations 678. Miles

elevated, main track 122.83; all tracks, 681.29; miles to be elevated,

main track, 178.57; all tracks, 872.91. The railways pay icio per cent.,

except that the city pays damages to property and business. The past

cost to railways has been $46,520,250; damages and claims paid by city

$279,945. Future cost to railways $60,190,423; damage suits pending

against city $503,400.

Cleveland, Ohio—Under the State law the railway pays 50 per

cent, and the city 50 per cent. Under agreement with railways

average of apportionment for 13 eliminations was, railway 65 per cent.,

city 35 per cent. Total expended by city $1,000,000. From 1905-1907

13 grade crossings have been eliminated.

Detroit, (Mich.—By law, the city may contract with railways.

If no agreement is reached, application may be made to Railroad

Crossing Board, which shall find the necessity and apportion the cost.

Eliminations on n streets throughout and at two special points. By

agreement with railways, all grade crossings in the northwest part of

the city and 15 crossings of the Michigan Central Railroad are to be

eliminated. The railways pay 100 per cent., minus damages approxi-

mating 25 or 35 per cent. Union Depot Company 100 per cent, con-

struction cost of Union Depot.

Fort Wayne, Ind.—Under special act of 1907 the city may on

petition or at its own initiative provide for separation of grades, after

due notice, hearings and preparation of specifications. Under special

act of 1907 the railways pay 75 per cent., and the city 25 per cent., or

where railway (street) occupies street, railway 75 per cent., street rail-

way 10 per cent., and city 15 per cent. There have been no eliminations,

but several are under consideration.

Indianapolis, Ind.—Eliminations on five streets, crossed by one or

more of four railways. Grade crossings on several other streets are

to be eliminated. Cost to date : Railway 75 per cent., street railway 10

per cent, city 15 per cent. Under special act of 1005: Railway 75 per

cent., city 1 7 per cent., county 8 per cent. Where street railway occu-

pies street : Railway 75 per cent., street railway 5 per cent, city 14 per

cent, county 6 per cent.
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Kansas City, Mo.—No eliminations. Five viaducts recently con-

tracted for, and proposed agreement December 10, 1907, with Kansas

City Terminal Railway Company, provides that company shall build all

viaducts and bridges needed within city limits. The five viaducts shall

be built by the railways, damages in at least one case being assessed

against property benefitted. Railways will equip and maintain viaducts,

but city agrees to maintain viaduct pavements. Under special agree-

ment with Terminal Railway Company, company will pay total cost,

including damages and maintenance.

Milwaukee, Wis.—Elimination of grade crossings under way

since 1903, through agreements with Chicago & Northwestern Railway

and Chicago, Milwaukee & St. Paul Railway. The railways do all

work within right-of-way and not over 50 ft. from center tracks in

either direction. The city pays damages and such costs as may legally

be assessed against street railways and property holders, maintenance

of structures and improvements. City built the superstructure of Bart-

lett street bridge and railway the abutments; distribution of cost of

other bridges has varied with respective agreements.

Philadelphia, Pa.—From 1888-1908 all grade crossings on the

Pennsylvania Railroad have been eliminated. From 1898- 1908 all

grade crossings of the Philadelphia & Trenton Railroad have been

eliminated. From 1894-1898 over 17 grade crossings of the Philadelphia

& Reading Railway have been eliminated. In 1894 three grade cross-

ings at North Pennsylvania Junction, Pennsylvania Railroad, were

eliminated, and in 1901 four grade crossings in Germantown, Phila-

delphia & Reading Railway, were eliminated. The railway companies

bear the construction cost and the city the damages ; the city paid

damages and construction up to $900,000, the railways the balance.

Negotiations now under way will abolish all grade crossings and fix

distribution of expense for each case. For this purpose the city has ap-

propriated $i,coo,ooo.

St. Joseph, Mo.—By State law, the railway pays cost of via-

ducts and subways ; city pays cost of approaches and damages. Law
ineffective because of inability of property owners to pay the necessary

heavy damages. A law introduced in the legislature in 1907 placed

all cost, including damages, on railways; however, it failed of enact-

ment.

St. Louis, Mo.—It is proposed to eliminate Tower Grove Avenue

crossings, railway to pay cost and city damages. No eliminations.
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REFERENCE TO THE LAWS OF THE SEVERAL STATES
RELATING TO SEPARATION OF GRADES.

ALABAMA.

Sec. 1269 of the Code (p. 92 of the Summary of Railroad Statutes)

provides that railroad companies using the streets of any city or town
are required to keep their tracks in repair, using such rails as may be

prescribed, and shall maintain and keep in repair the streets between

their rails, and for eighteen inches on each side, in such manner as the

council may prescribe, and shall, when required by the council, place

the tracks at any fixed grade and change the same free of expense,

to the municipality.

Sections 1296 to 1301 of the Code (p. 91 of the Summary of Railroad

Statutes) provide for viaducts, bridges and tunnels to be constructed and
maintained at the expense of railroad companies within the city limits

of any city, having a population of more than 35,000. There is no
provision in the statute hy which the municipality is required to bear

any portion of the expense.

Section 3493 of the Code (p. 7 of the Summary of Railroad Statutes)

authorizes railroads "to use, cross or change public roads when neces-

sary, but must place the public roads so crossed, used or changed in a

condition satisfactory to the county authorities ; where practicable, a

railroad must go over or under the public roadway.
By the construction placed upon the foregoing statute by the State

courts, railroads are required to maintain and keep in repair the public.

road at the point where the public road crosses a railroad track at

grade.

The damages awarded on condemnation are supposed to include

the cost of installing and operating the crossing where such crossing

involves additional cost of operation. There is no statute fixing the

relative liability of the two roads for the maintenance of the crossing.

Municipal Regulations.—Sections 1296, 1297, 1298, 1299, 1300, 1301.

Viaducts, bridges and tunnels.—Any city having, according to the next

preceding Federal census, a population of more than thirty-five thousand,

may require railroad companies to construct and maintain, at the expense

of the ' railroad companies, within the city limits, viaducts, bridges and
tunnels, and their approaches over, along or under their tracks, when
the same cross or extend along public highways or streets. The gov-

erning body of the city must provide for the vacation of the street

upon the completion of the viaduct, bridge or tunnel throughout that

portion over, along or under which the viaduct, bridge or tunnel is

proposed to be constructed, the title to the fee of the street to remain

in the city. The governing body of the city must pass an ordinance

requiring the construction of such improvement, describing the location

and character of such proposed improvement with reasonable certainty,

and stating the estimated cost thereof, and fixing a reasonable time for

the construction of the same ; and where a viaduct, bridge or tunnel

crosses over or passes under tracks of two or more railroad companies,

it may apportion the cost thereof equitably among the different railroads

owning the tracks. Penalties may be imposed by the governing body
for the failure of any viaduct, bridge or tunnel ordered by a proper

ordinance, and may, by a bill filed in any court having chancery juris-

diction, compel compliance with such ordinance. The railroad companies

may appeal from any order of the governing body to construct and
maintain such viaducts, bridges and tunnels, and from any order penal-

izing such railroad companies for their failure to construct or maintain

such improvements.
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Sec. 1269.

—

Use of Streets by Railroads.—Railroad companies usijyg

the streets of any city or town are required to keep their tracks in

repair, using such rails as may be prescribed, and shall maintain
and keep in repair the streels between their rails, and for eighteen inches

on each side, in such manner as the council may prescribe, and shall,

when required by the council, place the tracks at any fixed grade and
change the same free of expense to the municipality.

Sec. 1272.—The council has the right to prescribe reasonable regu-
lations for the running of cars, trains and locomotives on, over, upon
or across the streets, avenues, alleys and other public places of the city,

to prescribe appliances on grade crossings for the safety of the public,

and to regulate and conlrol the switching of cars on crossings or high-

ways.

No legislation.

No legislation.

No legislation.

ARIZONA.

ARKANSAS.

CALIFORNIA.

COLORADO.
Mills' Annotated Statutes, Revised Supplement, p. 1255, Sec. 4500a

(fifteenth provision), empowering cities to require railroads to build

viaducts, is as follows :

That the city council in cities of the first class shall have the fol-

lowing additional powers, to-wit

:

. . . Fifteenth: "To require railroad companies to construct at

their own expense such bridges and other approaches, tunnels, or other
conveniences at public crossings, and such viaduc's and their approaches
over their tracks, where the same cross or extend along public highways
or streets, and to put such streets in such condition and state of repair

as not to interfere with the free and proper use of such streets or
crossings as the city council may deem necessary ; and when a viaduct
or viaducts cross the track of several railroad companies, to compel
them to build their proportion of a viaduct or viaducts over said track
with their approaches."

CONNECTICUT.
Sec. 3713.

—

Removal of Grade Crossings.—The selectmen of any
town, the mayor and common. council of any city, the warden and bur-
gesses of any borough, within which a highway crosses or is crossed
by a railroad, or the directors of any railroad company whose road
crosses or is crossed by a highway, may bring their petition in writing
to the railroad commissioners, alleging that public safety requires an
alteration in such crossing, its approaches, the method of crossing, the

location of the highway or crossing, the closing of a highway crossing
and the substitution of another therefor, not at grade, or the removal
of obstructions to the sight at such crossing, and praying that the same
may be ordered; whereupon the commissioners shall appoint a time
and place for hearing the petition, and shall give such notice thereof as

they judge reasonable to such petitioners, the company, the municipali-
ties in which such crossing is situated, and the owners of. the land ad-
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joining such crossing and adjoining that part of the highway to be
changed in grade ; and after such notice and hearing, the commissioners
shall determine what alterations, changes or removals, if any, shall be

made and by whom made. If such petition is brought by the directors

of a railroad company, or in behalf of any such company, the commis-
sioners shall order the expense of such alterations or removals, including

the damages, to any person whose land is taken, and the special damages
which the owner of any land adjoining the public highway shall sustain

by reason of any such change in the grade of such highway, to be paid

by the company owning or operating the railroad in whose behalf the

petition is brought; and in case such petition is brought by the select-

men of any town, the mayor and common council of any city, or the

warden and burgesses of any borough, they may, if the highway affected

by said determination was in existence when the railroad was con-

structed over it at grade, or if the layout of the highway was changed

for the benefit of the railroad after the layout of the railroad, order an
amount not exceeding one-quarter of the in/hole expense of such altera-

tion, change, or removal, including the damages, as aforesaid, to be

paid by the tozmi, city or borough in whose behalf the petition is brought,

and the remainder of the expense shall be paid by the company owning
011 operating the road which crosses such public highway; if, however,
the highway affected by such last-mentioned order has been constructed

since the railroad which it crosses at grade, the commissioners may order

an amount not exceeding one-half of the whole expense of such altera-

tion, change or removal, including the damages, as aforesaid, to be paid

by the town, city or borough in whose behalf the application is brought,

and the remainder of the expense shall be paid by the company owning
or operating the road which crosses such public highway'. The directors

of every company which operates a railroad in this state shall remove
or apply for the removal of at least one grade crossing each year for

every sixty miles of road operated by it in this state, which crossings

so to be removed shall be those which in the opinion of said directors

are among the most dangerous upon the lines operated by it ; and if

the directors of any railroad company fail so to do, the commissioners
shall, if in their opinion the financial condition of the company will

warrant, order such crossing or crossings removed as in their opinion

the said directors should have applied for the removal of under the

above provisions, and the commissioners in so doing shall proceed in all

respects as if the said directors had voluntarily applied therefor.

Footnote to Sec. 3713. This section is a police regulation, and
is constitutional. Entire expense may be imposed on company if facts

warrant. The commissioners have sole original jurisdiction to de-

termine whether public safety requires a change in a grade crossing.

Provision for abolishing one grade crossing a year for every sixty miles

of road is a police regulation binding corporation; it operates as an
amendment to its charters without its consent. Damages resulting

from closing street are a part of expense mentioned in this section.

In removing grade crossing, commissioners may authorize location of

abutment in highway.
Sec. 3714.

—

Commissioners May Order Removal of Crossings.—The
railroad commissioners may, in the absence of any application therefor,

when in their opinion public safety requires an alteration m any high-

way crossed at grade by a railroad, or by railroads belonging to or

operated by more than one company, after a hearing had upon such

notice as they shall deem reasonable to the company or companies
owning or operating such railroad or railroads, and to the selectmen

of the town, mayor of the city, or warden of the borough, within which
such highway is situated, and to the owners of the land adjoining such

crossing, order such alterations in such highway as they shall deem best
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and shall determine and direct by whom such alterations shall be made,
at whose expense, and within what time ; provided, that in all cases
arising under this section, one-fourth of the expense, including damages
and special damages as aforesaid, shall be paid by the state, and the
remainder shall be assessed upon the railroad company or companies
benefited by such order; and provided, that such alterations as are thus
made at the primary instance of the railroad commissioners shall not
be-ordered so as to direct the construction of more than one bridge in any
one year on any one railroad. Railroad companies may take land for
the purpose of this section and Section 3713 in the manner provided
by law for the taking of land by railroad companies.

Footnote to Section 3714. Commissioners may order new highway, if

rendered necessary by change in old. Commissioners may order two con-
verging highways joined so as to make a single grade crossing. Re-
moval of crossing held to be made pursuant to commissioners' order,
though enforced by mandamus.

Railroad Commissioners May Order Removal of Obstructions to

View.—Section 1. If the view of that portion of the tracks of any rail-

road, crossing a highway at grade, which adjoins such crossing is ob-
structed by trees, shrubbery, embankments of earth, or structures of any
kind, the railroad commissioners may, after a hearing had upon such
notice as they deem reasonable to the company or companies owning or
operating such railroad or railroads and to the selectmen of the town,
mayor of the city, or warden of the borough wherein such crossing is

situated, and to the owners of the land adjoining such crossing, make
such orders for or concerning the removal of any such obstruction as
will afford an unobstructed view of said railroad tracks and said high-
way for a distance of at least one hundred and fifty feet in each direc-
tion from said crossing. For the purposes of this act, land or easements
in land may be taken in the manner provided by law for the taking of
land by railroad companies; all orders of the railroad commissioners
pursuant to the provisions of this act shall specifically set forth the
limits within which land may lie taken, and the nature, purposes, and
specific limits of the easements so authorized to be taken by virtue of this

act. The whole expense occasioned by any order of said commissioners
under the provisions of this section shall be borne and paid by such
railroad company.

Sec. 3716.

—

Highway Crossed by More Than One Railroad.—When-
ever the railroad commissioners, upon an application brought under the
provisions of Section 3713, shall find that any highway crosses or is

crossed by the tracks of more than one railroad, and the tracks of
suck railroads are so near together that public convenience requires
the work of separating the grades to be done under and in compliance
wi h one order, they shall give notice to all the companies operating
such railroads to appear before them and be heard upon the application ;

and after such notice and hearing said commissioners shall determine
what alterations shall be made, if any, so as to separate the grades
of all of such crossings at the same time, and shall determine by whom
such work shall be done, and they shall apportion the expense to be
borne by (he railroad companies between such companies in such manner
as they, the said commissioners, shall deem proper.

Sec. 3863.

—

Removal of Grade Crossing.—Any street railway com-
pany which has power to lay its tracks in any highway which crosses
a steam railroad at grade, but has no power to lay its tracks across the

' track of such steam railroad at grade in such highway, or any street

railway company whose tracks cross the track of a steam railroad in the
highway at grade, may bring its petition for the removal of such
crossing in the manner specified in Section 3713 for municipal authori-
ties, and the railroad commissioners shall , proceed upon such petition
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in the same manner and with the same powers as provided in Section

3713 in the case of petitions brought by such municipal authorities.

Sec. 3864.

—

Commissioners May Apportion Expenses.—In proceed-
ings taken under any of the provisions of Sections 3713, 3714, and 3716,
or of Section 3863, 3865, and this section, if any changes or removals
shall be ordered, the railroad commissioners, or the superior court on
appeal, may order such amount as they deem proper of the whole ex-
pense of such changes or removals to be paid by any street railway
company coming under the description of Sec; ion 3863; provided, that

in case any such street railway company shall not be the petitioner, and,
furthermore, shall not have laid its tracks in the highway on both sides

of the track of the steam railroad crossed by such highway, said

commissioners, or the superior court on appeal, shall order said ex-
pense to be paid in the first instance by other parties to the proceedings
before them, and shall order such street railway company to pay, in the
manner and the proportion to be designated, to the parties paying said

expense, to be assessed in said order, as they shall deem proper, when-
ever such company shall lay its tracks ft such crossings across, over,
or under the tracks of such steam railroad. Such s reet railway com-
pany shall not commence to build its railway across, over or under
the tracks of the steam railroad at such crossing, until it shall have
paid such amount in accordance with said order. No greater proportion
of said expense shall be ordered to be paid by any town, city or borough,
under the authority of Sections 3863, 3865, and this section, than the
proportion named in Sections 3713 and 3714.

DELAWARE.
No legislation.

FLORIDA.

Sec. 2803.

—

Every Railroad Company and Canal Company shall be
empowered:

(5) To construct its road or canal across, along or upon or use
any stream of water, watercourse, street, highway or canal which the
route of its road or canal shall intersect or touch, and whenever the
track of any railroad or canal shall touch, interscc , or cross any road,
highway or street, it may be carried over or under such railroad or
canal, as may be found most expedient for the public good ; and in
case any embankment or cut in the construction of any railroad or
canal shall make it necessary to change the course of any railroad or
street, the Company may construct such road or canal so as to change
the course or direction of any road, highway or street.

(6) To cross, intersect or unite its railroad with any other rail-

road heretofore or hereafter to be constructed at any point in its route
or upon the ground of any other railroad company with the necessary
turn-outs, sidings and switches and other conveniences in furtherance of
the objects of its connections; and every company whose railroad is or
shall be hereafter intersected by any new railroad can unite with the
owners of such new railroads forming such intersections and connections
and grant the facilities aforesaid, and if the two companies cannot agree
upon the amount of compensation to be made therefor and all the
points and matters of such crossing and connections, the same shall

be ascenained according to the provisions for exercising the right of
eminent domain, and no company which shall have obtained the right-

of-way and constructed its road at the point of intersection before the
beginning of proceedings for condemnation shall be required to alter the
grade or change the location of its road.
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GEORGIA.

Civil Code, Sec. 2233. Public highways, bridges or ferries cannot be
appropriated to railroads, plank roads, or any other species of road,

unless express authority is granted by some constitutional provision

of their charter.

Sec. 2219. Any railroad company, heretofore or hereafter char-

tered by the legislature of this State, shall have the right to cross

any other railroad heretofore or hereafter built or to be built in this

State, upon the following terms : They shall be allowed to cross at

grade points, or at any other point where the same shall not obstruct

the other road, and may be allowed to cross by a tunnel or bridge, if

necessary, said tunnel or bridge being made absolutely secure. (Act of

1870.)

The Act of 1899 (p. 31) allows crossing by "any person or persons
or company owning or operating a public or private railroad in this

State, when necessary to reach minerals, timber, or other materials." And
provided further: "That any public or private railroad availing them-
selves of the privileges of this Act shall be subject to the same re-

strictions, liabilities, and penalties, and governed by the same rules.

as to crossings as now provided by law for chartered railroads
;

pro-

vided, that where any train or unchartered road crosses a chartered

road in this Slate may require said train or unchartered road to put in

the necessary and proper safety switches and signal service on both

sides of the said chartered road."

(The apparent break in language is as the Act is printed, not an
error in copying.)

Sec. 2220. All railroad companies shall keep in good order, at their

expense, the public roads or private ways established pursuant to law,

where crossed by their several roads, and build suitable bridges and
make proper excavations or embankments, according to the spirit of the

road laws.

Sec. 2221. Such crossings include the width of land on both sides

of the road allowed by charter or appropriated by the company therefor,

and for as many feet beyond, each way, as is necessary for a traveler

to get on and off the crossing safely and conveniently.

Under the General Law for incorporation of railroads (Act 1892),
it is provided

:

Sec. 2167 (par. 5). "To construct its road across, along or upon,
or to use any stream of water, watercourse, street, highway or canal
which the route of its road shall intersect or touch

;
provided, no rail-

road shall be constructed along and upon any street or highway whhout
the written consent of the municipal or county authorities, and when-
ever the track of any such road shall touch, intersect or cross any
road, highway or street, it may be carried over or under, or cross at

a grade level or otherwise, as may be found most expedient for the

public good."
(Par. 6.) "To cross, intersect, or join or unite its railroads with

any railroad heretofore or hereafter to be constructed, at any point in

its route, or upon the ground of any other railroad company, with the

necessary turnouts, sidings, and switches, and o'.her conveniences neces-
sary in the construction of said road, and may run over any part of any
railroad's right-of-way necessary or proper to reach its freight depot,

in any city, town or village through or near which said railroad may
run, under the limitations hereinafter named; but in crossing another
railroad, either over, under, at grade level or otherwise, it shall be
at the expense of the company making the crossing, and in such way
and manner at the time of construction, as not to interfere with said

railroad in its regular travel or business."
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Sec. 21 7 1 provides for change of direction or route, "But no change
shall be made in any town or city after the road has been constructed,

without the consent of such town or city expressed through its proper
authorities, etc."

Sec. 2172. And in all cases* when said railroad shall cross a high-
way, or a change is desirable with a view to more easy ascent or descent,

the said company may take such additional lands for the construction
of such highways upon a new line as may be deemed requisite by
the directors, under the mode provided for condemning right-of-way
and other property.

IDAHO.
No legislation.

ILLINOIS.

There is no statute in this State requiring a separation of grades
where a railroad crosses a public street or highway. In cities, towns
and villages, the municipal authorities have the power to require a

separation of the grades where a railroad crosses a street in a city,

town or village, or have the power to require the railroad company
to elevate or depress its tracks at such street, but outside of cities, towns
or villages there is no statute requiring a separation of grades where a

railroad crosses a public highway. In cities, towns or villages, the

municipality has the power to compel the railroad company to pay the

whole of the cost of such crossings, either undernealh or overhead.
In reference to one railroad crossing the tracks of another, a copy

of the Act of May 27, 1889; also a copy of the amendment to that act

approved May 25, 1907, in force July 1, 1907, is given under the Act
of May 27, 1880, the railroad company seeking the crossing was re-

quired to bear the entire expense of the construction thereof, including

all costs and incidental expenses incurred in the investigation by the

Board of Railroad and Warehouse Commissioners. Under the Amend-
ment of May 25, 1907, if a separation of the grades is required by the

Railroad and Warehouse Commission at the crossing, then the Com-
mission shall decide and include in the order authorizing such crossing

the proportion of the expense to be paid by the railroads interested in

said crossing respectively, but not more than one-third of such expense
shall be charged against the senior road.

Interurban electric railroads and street railroads are declared to be
railroads within the terms and meaning of the Act approved May
25, 1907.

A copy of the Act of June 2, 1891, to protect persons and property
from danger at the crossing and junctions of railroads; and also copy
of the Amendment to the Act of June 2, 1891, which was approved
May 25, 1907, and in force July 1, 1907, is given.

From these acts and the amendments to the same, it will be seen
that the whole matter in reference to one railroad crossing another
and to prescribe how such crossing shall be made is vested exclusively

within the power of the Railroad and Warehouse Commissoin, and
their decision in reference to the matter is final and conclusive, and no
appeal is provided therefrom.

An Act to protect persons and properly from danger at the crossings
and junctions of railroads by providing a method to compel the
protection of the same. Approved June 2, 1891; in force July 1,

1891.

Sec. 1. Be it enacted by the People of the State of Illinois, repre-

sented in the General Assembly :—That in every case where the main
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tracks of two or more railroads cross at a grade in this State any
company owning or operating any one of such tracks, whose managers
may desire to unite with others by protecting such crossings with inter-

locking or other safety devices, may file with the Railroad and Ware-
house Commission a petition stating the facts of the situation, and asking
said Railroad and Warehouse Commission to order such crossing to be

protected by interlocking signals, devices and switches, or other safety

appliances. Said petition shall be accompanied by a plat showing the

location of all tracks ; and upon the filing thereof, notice shall be given

to each other company or person owning or operating any track involved

in such crossing, and the said Railroad and Warehouse Commission
shall thereupon view the site of such crossing, and shall, as soon as

practicable, appoint a time and place for the hearing of such petition.

Sec. 2. If the said Railroad and Warehouse Commission shall, from
information obtained in any manner, have cause to believe that any
such grade crossing, as described in Sec. i of this Act, is dangerous to

the public or to persons operating trains, and requires protection, then
it shall be the duty of the said commission, without any petition, and of

its own motion, to cite the several companies or persons owning or

operating the railway tracks forming such crossing, to come before said

commission at such lime and place as may be named, and show cause

why they should not be required to provide such crossing with inter-

locking or other safety appliances.

Sec. 3. At the time and place named for hearing under any peti-

tion filed in pursuance of Sec. 1 of this Act, or in any citation issued

in pursuance of Sec. 2 thereof, unless the hearing is for good cause
continued, said Railroad and Warehouse Commission shall proceed to
Iry the question whether or not the crossing shall be protected by
interlocking, or otherwise, and shall give to all companies and parties
interested an opportunity to be fully heard, and said commission shall,

after such hearing, enter an order upon a record book or docket to be
kept for the purpose, denying the petition or discharging the citation,
if the protection of such crossing as proposed is deemed unnecessary,
or, if said commission shall be of opinion, from the evidence and facts
produced, that the public good requires that such crossing be protected,
then the commission shall enter an order prescribing an interlocking
device or equipment for such crossing, in case the companies interested
cannot agree upon a device, in which order shall be specified the kind
of machine to be used, the switches, signals and other devices or ap-
pliances to be put in, and the location thereof, and all other matters
which may be deemed proper for the efficient protection of such cross-
ing, and said commission shall further designate in such order, the pro-
portion of the cost of the const ruction of such plant, and of the expense
of maintaining and operating the same, which each of the companies
or persons concerned shall pay. In case, however, one railroad company
shall hereafter seek to cross at grade with its track or tracks, the track
or tracks of another railroad company, and the Railroad and Warehouse
Commission shall determine that interlocking or other safety appliances
shall be put in, the railroad company seeking to cross at grade shall be
compelled to pay all cost of such appliances, together with the expense
of putting them in and the future maintenance thereof.

Sec. 4. It shall be the duty of every railroad company or person
owning 'or operating any track involved in any such crossing to comply
with and carry out fully, or unite with the others in doing so, any
order of the said Railroad and Warehouse Commission made in pur-

suance of any proceeding instituted or had under this Act, such work
to be completed within ninety days after such order is made, unless

the Railroad and Warehouse Commission shall, for good cause shown,

extend the time, and when any such plant shall have been completed
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and made ready for use, it shall be the duty of the companies or persons
concerned to notify the said Railroad and Warehouse Commission thereof,

whereupon said commission shall inspect or cause to be inspected the

said completed plant in the same manner as is now provided in the

Act upon that subject, approved June 3, 1887; and if, upon such in-

spection, the said plant is deemed to be well constructed and suitable

and sufficient for the purpose, the said Railroad and Warehouse Com-
mission shall issue a permit empowering the several companies or per-

sons owning or operating the tracks involved therein to run (over)
such crossing without stopping, under such rules and regulations as

may be in force, or may thereafter be adopted, by the said commission,
any law now in force upon the subject of slopping trains at railway
crossings to the contrary notwithstanding.

Sec. 5. Any company, person or corporation refusing or neglecting

to comply with any order made by the said Railroad and Warehouse
Commission in pursuance of this Act, shall forfeit and pay a penalty

of $200 for each week of such refusal and neglect, the same to be
recovered in an action of debt in the name of the People of the State

of Illinois, and to be paid, when collected, into the county treasury
of any county where any suit may be tried.

Sec. 6. All expenses incurred in any proceeding under this Act
shall be paid by the railway companies concerned, in equal portions, upon
bills to be rendered by the secretary of said commission.

Sec. 7. Every junction of two or more railroad tracks, whether
the tracks joining each oiher are owned by different companies or by
the same company, shall be taken and deemed to be a crossing within
the meaning of this Act : Provided, that this section shall not apply to

switch, spur or sidetracks.

An Act to amend Section 3 of an Act entitled, "An Act to protect

persons and property from danger at the crossings and junctions of
railroads by providing a method to compel the protection of the

same. Approved June 2, 1891; in force July 1, 1891.

Sec. 1. Be it enacted by the People of the State of Illinois, repre-

sented in the General Assembly :—That section 3 of an Act entitled,

"An Act to protect persons and property from danger at the crossings

and junctions of railroads by providing method to compel the protection

of the same," approved June 2, 1891, in force July I, 1891, be and the

same is hereby amended so as to read as follows

:

Sec. 3. At the time and place named for hearing under any petition

filed in pursuance of section 1 of this Act or in any citation issued in

pursuance of section 2 thereof, unless the hearing is for good cause
continued, said Railroad and Warehouse Commission shall proceed to

try the question whether or not the crossing shall be pro'.ected by
interlocking or otherwise, and shall give to all companies and parties

interested an opportunity to be fully heard and said commission shall

after such hearing enter an order upon the record book or docket to

be kept for the purpose, denying the petition or discharging the cita-

tion if the protection of such crossing as proposed is deemed unnecessary
or if said commission shall be of opinion, from the evidence and facts

produced, that the public good requires that such crossing be protected,

then the commission shall enter an order prescribing an interlocking

device or equipment for such crossing, in case the companies interested

cannot agree upon a device, in which order shall be specified the kind

of machine to be used, the switches, signals and other devices or ap-

pliances to be put in and the location thereof, and all other matters

which may be deemed proper for the efficient protection of such crossing,

and said commission shall further designate in such order, the pro-
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portion of the cost of the construction of such plant, and of the expense
of maintaining and operating the same, which each of the companies
or persons concerned shall pay. (Approved May 25, 1907.)

An Act in relation to the crossing of one railway by another, and to
prevent danger to life and property from grade crossings. Ap-
proved May 27, 1889; in force July 1, 1889.

Sec. 1. Be it enacted by the People of the State of Illinois, repre-
sented in the General Assembly :—That hereafter any railroad company
desiring to cross with its tracks the main line of another railroad
company, shall construct the crossing at such place and in such manner
as will not unnecessarily impede or endanger the travel or transporta-
tion upon the railway so crossed. If in any case objection be made to
the place or mode of crossing proposed by the company desiring the
same, either party may apply to the Board of Railroad and Warehouse
Commissioners, and it shall be their duty to view the ground, and give all

part'ies interested an opportunity to be heard. After full investigation,
and with due regard to safety of life and property, said board shall

give a decision, prescribing the place where and the manner in which
said crossing shall be made, but in all cases the compensation to be
paid for property actually required for the crossing and all damages
resulting therefrom shall be determined in the manner provided by law
in case the parties fail to agree.

Sec. 2. The railroad company seeking the crossing shall in all

cases bear the entire expense of the construction thereof, including all

costs and incidental expenses incurred in the investigation by the Board
of Railroad and Warehouse Commissioners.

An Act to amend sections 1 and 2 of an Act entitled, "An Act in rela-
tion to the crossing of one railway by another and to prevent danger
to life and property from grade crossings." Approved May 27, 1889;
in force July 1,

Sec. 1. Be it enacted by the People of the State of Illinois, repre-
sented in the General Assembly:—That sections 1 and 2 of an Act
entitled, "An Act in relation to the crossing of one railway by another,
and to prevent danger to life and property from grade crossings," ap-
proved May 27, 1889, in force July I, 1889, be and the same is hereby
amended to read as follows

:

Sec. 1. That hereafter any railroad company desiring to cross with
its track or tracks the main track of another railroad company, shall,

before constructing any such crossing, apply to the Railroad and Ware-
house Commission for permission to make such crossing, and it shall

thereupon be the duty of such commission to view the ground, and
give all parties interested an opportunity to be heard. After full in-

vestigation, and with due regard to safety of life and property, said
commission shall give a decision prescribing the place where and the
manner in which said crossing shall be made, but in all cases the com-
pensation to be paid for property actually required for the crossing
and all damages resulting therefrom, shall be determined in the man-
ner provided by law in case the parties fail to agree : Provided, that said

commission shall only grant permission to construct such crossing at such
place and in. such manner as will not unnecessarily impede or endanger
the travel or transportation upon the railroad to be crossed.

Sec. 2. The railroad company seeking the crossing shall, in all

cases, pay the costs and expenses of the commission incurred in the
investigation and if permission for a grade crossing is given, shall

bear the entire expense of the construction thereof, together with the
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cost of installing such interlocking or other safety appliance as shall

be required and the cost of the maintenance thereof. If a separation

of grades is required at such crossing, then such commission shall

decide and include in the order authorizing such crossing the proportion

of the expense thereof to be paid by the railroads interested in said

crossing, respectively, but not more than one-third of such expense

shall be charged against the senior road. Interurban electric railroad

and street railroads are hereby declared to be railroads and within the

meaning of this Act. (Approved May 25, 1907.)

INDIANA.

Sections 8864 and 8882 inclusive, Vol. 3, Burns' Annotated Indiana

Statutes, Revision of 1908, of the laws of the State of Indiana, as

to track elevation or depression in cities of more than 100,000 popula-

tion, according to the United States census of 1900, require that the

steam railroad or railroads whose tracks are affected by such elevation

or depression shall pay 75 per cent, of the total cost ; and that where

a crossing is occupied by the track or tracks of any street railway

company, then such railway company shall pay 5 per cent, of the total

cost; the city in such event shall pay 14 per cent, and the county

in which said city is located shall pay 6 per cent, of the total cost.

It further provides that in the event there are no street railway tracks

at the crossing to be elevated, then the city shall pay 17 per cent, and
the county in which the city is located 8 per cent. The result of all

of these provisions is that in any event the steam railroads must pay

75 per cent, of the total cost of elevating or depressing tracks, and
the municipalities, in certain events, together with street railways, must
pay 25 per cent, of the total cost.

In cities of over 100,000, the total cost of track elevation or de-

pression for any one year cannot exceed an aggregate expenditure of

$400,000.

As to the elevation or depression of tracks in cities having a

population of 43,000 to 49,000, according to the U. S. census of 1900,

Sections 8873 and 8882, Vol. 3, Burns' Annotated Indiana Statutes,

Revision of 1908, the portion of the cost to be borne by the railroad

company or companies whose tracks are affected is 75 per cent., and
the city, in some cases, together with electric railways, but in any
event, must bear 25 per cent.

The law with reference to cities from 43,000 to 49,000 population

does not provide for any limitation as to the amount to be expended
within any certain time.

Sections of the statute first herein referred to are intended to

apply to the city of Indianapolis only, and likewise the other sections

referred to were, at the time of their passage, intended to apply to

the city of Ft. Wayne only.

IOWA.

Code, 1897, Sec. 2017, p. 701. Any such corporation may raise or
lower any turnpike, plank road or other road for the purpose of having
its railway cross over or under the same, and in such cases said corpo-
ration shall put such road as soon as may be in as good repair and
condition as before such alteration.

Code, Sec. 770, p. 328. Cities having a population of 7,000 or over
shall have power to require any railroad company owning or operating
any railroad tracks upon or across any public streets of such city, to
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erect, construct, reconstruct, complete, and maintain, to the extent herein-
after provided, any viaduct upon or along such streets, and over or under
such tracks, including the approaches thereto, as may be declared by ordi-

nances of such city necessary for the safety and protection of the public.

The approaches to any such viaduct shall not exceed a total distance of 800
feet, but no such viaduct shall be required on more than every fourth

street running in the same direction, and no railroad company shall be
required to build or contribute to the~building of more than one such
viaduct, with its approaches, in any one year ; nor shall any viaduct be
required until the Board of Railroad Commissioners shall, after exami-
nation, determine the same to be necessary for the public safety and
convenience, and the plans of said viaduct, prepared as hereinafter pro-

vided, shall have been approved by said board.

Supplement, Code of Iowa, 1907, Sec. 773, p. 158. When two or
more railroad companies own or operate separate lines of track to be
crossed by a viaduct, the proportion thereof, and the approaches thereto

to be constructed by each, or the cost to be borne by each, shall be deter-

mined by the council. The council shall fix a time and place where it

will consider such matters and any objections that may be made to the

construction of such viaduct and the approaches thereto. Not less than

20 days' written notice of such hearing shall be given to the company or

companies owning or operating the track or tracks over or under which
it is proposed to construct such viaduct. Said notice may be served in

the same manner and upon the same persons or officers as in the case

of an original notice. Such cities shall have power to regulate the use

of such viaducts and to authorize or forbid the use thereof by street

railway companies and to require the payment of compensation for such

use. After the completion thereof, any revenue derived therefrom by the

crossing thereon of street railway lines shall constitute a special fund,

and shall be applied in making repairs to such viaduct. One-half of all

ordinary repairs to such viaduct or its approaches shall be paid out of

such fund, or be borne by the city, and the remaining half by the railroad

company; and if the track of more than one company is crossed, the

costs of such repairs shall be borne by such companies in the same
proportion as was the original cost of construction.

KANSAS.

Under No. 792, General Statutes, 1905, cities of the first-class are

empowered to regulate crossings of railway and street railway tracks,

etc., and to require all railroads to erect viaducts over or tunnels under
their tracks at the crossings of streets.

Cities of the first-class, or in conjunction with any corporation, may
construct any bridge or viaduct, for its own use, or joint use of city and
corporation, on such terms and conditions as may be agreed upon, pro-

vided that no such grades or viaducts costing over $2,000 shall be con-

structed unless authorized by majority vote at an election held for that

purpose.

KENTUCKY.

There is no statute or ordinance covering the subject of separation

of grades in this state.

In Fulton vs. Short Route Railway Transfer Company, 85 Ken-
tucky, 640, it was held that a company chartered to build a "railroad"
has the right to elevate it above the surface whenever the character of

the country makes it either essential, or convenient, although the word
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"elevated" did not occur in the charter, and the right to elevate the road
was not expressly granted.

So far as one railroad crossing the railroad of another company is

concerned, Sec. 767 Kentucky Statutes provides that the company pro-

posing to cross shall give notice of that fact to the Railroad Commission,
who shall give notice to the corporation whose road is proposed to be
crossed, etc., of a meeting to consider and approve the crossing, if objec-

tion is made thereto, and the Commission may determine the manner in

which the crossing shall be made to protect against accidents thereat.

Sec. 768 Kentucky Statutes, declaring the powers, liabilities and
restrictions of railroad companies, provides, among other things, that a

railroad company shall have the power "to construct i.s road upon or

across any water course, private or plank road, highway, street, lane or

alley, and across any railroad or canal, but the corporation shall restore

the water course, private or plank road, highway, street, lane, alley, rail-

road or canal to its former condition, as near as may be," etc.

LOUISIANA.

Act No. 136 of the Session of 1898, to be found at page 224 of the

Session Acts of that year, entitled "An Act for the creation and gov-
ernment of municipal corporations throughout the State and defining

their powers and duties and providing for the extension or contraction of

their limits," divides municipal corporations into three classes, namely,
cities, towns and villages. Cities having five thousand or more inhabi-

tants, towns less than five thousand and more than one thousand inhabi-

tants, and villages having two hundred and fifty to one thousand inhabi-

tants.

This Act gives to every city, town and village the right to provide
for and regulate the construction and passage of railways and street rail-

roads through the streets, avenues, alleys or lanes and public grounds
of the municipality. To make all needful police regulations necessary for

the provisions of good order and peace of the municipality, and to pre-

vent injury to, destruction of, or interference with public or private

property. To maintain streets and roads in the limits of the municipality.

To exercise right of eminent domain in the laying out of streets, avenues,

alleys and parks and in straightening or widening streets or changing
the grade thereof and the construction and repairing of sidewalks, sew-
ers and other needed repairs and improvements. To exercise full juris-

diction in the matter of streets, sidewalks, sewers and parks ; to open
and lay out and construct the same and to repair, maintain, pave, sprinkle,

adorn and light the same.
The law also grants to cities and towns, but not to villages, the power

"to regulate the crossings of railways and street railroad tracks and pro-

vide precautions and prescribe rules regulating the same; and to regulate

the running of street railroads or cars and railway engines, cars and
tracks within the limits of the city and to prescribe the rules relating

thereto and govern the speed thereof and to make any other and further

provisions, rules and regulations to prevent accident at crossings and on
the tracks of railroads and to prevent fires from engines; and to require

railroad companies to erect viaducts over or gates across their tracks

at the crossing of streets." It is provided that any existing cities, towns
or villages in the State may come under the provisions of this Act and
claim all the powers and benefits thereby granted by holding an election

of their people to so determine, but the City of New Orleans is exempted
from the Act.

As to the question of one railroad crossing another in New Orleans,

this matter was passed upon in a suit brought on behalf of the L. & N.
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against the New Orleans Terminal Company, reported in the 45th volume
of the Southern Reporter No. 15, where it was said:

"The Legislature has not deemed it necessary to define the rights
and obligations of railroads whose tracks intersect, connect or cross. The
Railroad Commission has not, so far as we are informed, made any rules
on the subject. Under the ordinances of the City of New Orleans in
force in 1895 the expense of crossing is divided equally between the street
railroads crossing each other, but the cost of maintenance is imposed
entirely on the steam railroad crossing a street railroad. There is no
special provision for maintenance where a steam railroad crosses a
steam railroad.

"The crossing of the plaintiff's tracks by the rails and cars of the
defendant was not an appropriation of the properly of the former to the
use of the latter, but the mode of exercising the public right of transit

over the street."

The court referred to the common law doctrine as set forth in Cen-
tral Passenger Railway Company against Philadelphia Railway Company,
95 Maryland 428, 52 Atlantic Reports 752, and held that doctrine inap-
plicable in this State.

The Court further says : "Reasoning from analogy, where two steam
railroads cross a public street the burden of maintenance should be
equally divided between them. Where a crossing has been once estab-

lished between two railroads with equal rights of use, the maintenance
of such crossing is in the interest of both railroads, and equity demands
that the cost of same should be equally divided between them."

Under its charter, the City of New Orleans is granted the fullest

police power and the fullest power of regulation over its streets, rail-

roads, telegraph, telephones, etc., as well as full power over the fixing

and changing of grades of streets and public highways.

No legislation.

No legislation.

MAINE.

MARYLAND.

MASSACHUSETTS.

The State of Massachusetts has a statute covering the separation of

grades which provides that the officers of the railroad, a city or a town
may petition the Supreme Court for the elimination of any crossing
within their jurisdiction. On this petition the court appoints a Commis-
sion of three men, one at least of whom shall be a civil engineer. This
Commission holds hearings at which all parties in interest are represented
as in a court of law and evidence is introduced, in the first place, to show
that public necessity requires the abolition of the crossings in question.

It is frequently the case that the Commission decides that certain of the

crossings involved, where there is more than one, do not demand elimina-

tion. It is seldom that the petition for a single crossing is turned down.
After this stage is passed the Commission prescribes the detailed method
in which the work shall be accomplished. This is quite frequently a

compromise between that asked for by the two parties. The Commission
says who shall do the work and the expense is divided by an auditor com-
missioned by the court, the railroad paying 65 per cent., the State 25

per cent., and the city or town 10 per cent.

MICHIGAN.
No legislation.
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MINNESOTA.

The Minnesota Code (Revised Laws, 1905) contains the following

provisions with reference to the duties of railway companies at highway
crossings

:

Every such company shall construct and maintain in good repair

and free from snow or other obstruction, wherever any of its lines shall

cross a public road, sufficient crossings, consisting of

:

1. Sufficient grades, sixteen feet in width on each side of the

center of such road, and of such slope as may be deemed necessary by
the officers having charge of the public road

;

2. A plank covering of the same width, securely spiked, extending
the full length of the ties, the planks not more than one inch apart, the

planking not more than two and one-half inches from the rails, and the

surface thereof on a level with the top of the rails.

In municipalities such grades and planking shall extend the full

width of the street, or of that part thereof graded or used for travel,

and like planking shall be placed between all tracks which are not more
than fifteen feet apart. In case of roads newly established, such cross-

ing shall be constructed within thirty days after the service on the near-

est station agent or section foreman of such company of a notice,

signed by the proper officer or officers having charge of such road, that

such crossing is required.

Under this section as construed a distinction has been made between
structural changes in the right-of-way to conform to the grade of the
highway and devices required at highway crossings for protection of
the public; the expense of the latter being chargeable in every case
entirely to the railway company; and of the former only where the
highway was established before the construction of the railway.

In the cases of State ex rel City of Minneapolis v. St. P., M. & M.
Ry. Co., 98 Minnesota 380; State ex rel City of Duluth v. N. P. Ry.
Co., 98 Minnesota 429, the scope of "safety devices" is extended to
include a viaduct over the right-of-way for an overhead crossing, and
the expense of constructing and maintaining (regardless of the ques-
tion of priority) placed entirely on the railway company; holding void
an agreement by which the municipality undertook to share the expense.

Chapter 396 of the laws of 1907 contains the following provisions

:

Section I. Upon written complaint authorized by a majority vote

of all the members of the city council being filed with the railroad and
warehouse commission of this state by the chief executive officer of any
village or city in the State of Minnesota on its behalf, that the crossing

of any railroad company, naming it, with any street in said village or

city, describing it as dangerous to life and property and sriving the rea-

son thereof, said railroad and warehouse* commission shall forthwith

investigate the same, and to that end shall have at least one (1) public

hearing in the village or city making such complaint, at a time to be

fixed by said commission, and a place to be held upon notice to be

given by said railroad and warehouse commission to all parties inter-

ested, and shall be held in not less than thirty (30) nor more thai-

sixty (60) ilays after the date of filing of such complaint.

Section 2. Within ten (10) days after such public hearing said

commissioners, by a majority vote of the members thereof, shall decide

the matter set forth in said complaint, and shall make a report in

writing in respect thereto, which shall include the findings of fact which
the conclusions of the commission are based upon, togetheV with the

recommendation of said commission as to what kind of safety device,

if any, should be installed at said crossing to make the same safe to

life and property. Said findings shall be in writing and signed by the
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members of said commission in favor thereof, and shall be filed with
the secretary of said commission and entered for record in his office.

If said commission shall find in favor of further protection for said

crossing it shall issue an order to the railroad company named in said

petition directing said railroad company within sixty (60) days after

said order to establish and thereafter maintain at such crossings, such

gates, flagmen or safety devices as such commission may therein direct,

and such as will render such crossing safe to life and property.

The expense of changing grades and of all work looking toward
greater precaution for the public at highway crossings would, under

these statutes and decisions, have to be borne entirely by the railway

company.

MISSISSIPPI.

Sec. 4053. Highway Crossings and Bridges.—Where a railroad is

constructed so as to cross a highway, and it be necessary to raise or lower

the highway, it shall be the duty of the railroad company to make proper

and easy grades in the highway, so that the railroad may be conveniently

crossed, and to keep such crossings in good order, and it shall be the

duty of the company to erect and keep in order all bridges on any high-

way, at such points as bridges may be necessary to cross the railroad

;

and any company which shall fail to comply with these provisions shall

forfeit the sum of one hundred dollars, to be recovered by action in the

name of the county in which the crossing or bridge is situated.

It is held by the Supreme Court of Mississippi that the word "high-

way" in this section includes crossings of streets in municipalities.

It is also held by ihe Supreme Court of Mississippi that the duty

to construct the bridges over a railroad applies to the crossing of a rail-

road, already constructed, by a new highway, as well as the crossing by

the railroad of an existing highway. '1 he Supreme Court of Mississippi

has never passed upon the question as to whether or not a railroad com-
pany is obliged to construct the grade of a new highway over an existing

railroad track, where a bridge is not necessary in order to cross the track.

Constitution of Mississippi, Sec. 184. All railroads which carry

persons or property for hire shall be public highways, and all railroad

companies so engaged shall be common carriers. Any company organized

for that purpose under the laws of the State, shall have the right to con-

struct and operate a railroad between any points within this state, and

to connect at the state line with roads of other states. Every railroad

company shall have the right with its road to intersect, connect with, or

cross any other railroad; and all railroad companies shall receive and

transport each other's passengers, tonnage, and cars, loaded or empty,

without unnecessary delay or discrimination.

Sec. 4096. To Cross Other Railroads, etc.—To cross, intersect, join

or unite its railroad with any other railroad heretofore or hereafter con-

structed at any points on their routes, and upon the ground of such other

railroad company, with the necessary and proper turnouts, sidings,

switches, and other conveniences, and to exercise the right of eminent

domain for that purpose.

There are no general statutes regulating the grades at which railroads

shall cross one another, nor providing for the expense of any overhead

or underground passage. In fact, the whole matter of crossing of rail-

roads is left without any statutory provisions other than those cited, and

no judicial determination of the matter in 'the State can be found.
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MISSOURI.
No legislation.

No legislation.

MONTANA.

NEBRASKA.

Compiled Statutes, 1905, 985, Sec. 128, p. 231.—To require any rail-

way company or companies owning or operating any railway track or

tracks upon or across any public street or streets of the city, to erect,

construct, reconstruct, complete and keep in repair any viaduct or viaducts

upon or along such street or streets and over or under such track or

tracks, including the approaches to such viaduct or viaducts as may be

deemed and declared by the mayor and council necessary for the safety

and protection of the public. Whenever any such viaduct shall be deemed
and declared by ordinance necessary for the safety and protection of the

public, the mayor and council shall provide for appraising, assessing and
determining the damage, if any, which may be caused to any property,

by reasoiT of the construction of such viaduct and its approaches. The
proceedings for such purpose shall be the same as provided herein for

the purpose of determining damages to property owners by reason of the

grading of a street, and such damages shall be paid by the city, and may
be assessed by the city council against property benefited. The width,

height and strength of any such viaducts and approaches thereto, the

material therefor, and the manner of construction thereof, shall be as

required by the city engineer, and approved by the mayor and council.

When two or more railroad companies own or operate separate lines of

track to be crossed by any such viaduct, the proportion thereof, and
the approaches thereto, to be constructed by each, or the cost to be borne
by each, shall be determined by the mayor and council. It shall be the

duty of any railroad company or companies upon being required as

herein provided to erect, construct, reconstruct or repair any viaduct, to

proceed within the time and in the manner required by the mayor and
council to erect, construct, reconstruct or repair the same, and it shall be

a misdemeanor for any railroad company or companies to fail, neglect

or refuse to perform such duty, and upon conviction of any such company
or companies shall be fined $100.00, and each day such company or com-
panies shall fail, neglect or refuse to perform such duty shall be deemed
and held to be a separate and distinct offense, and in addition to the

penalty herein provided any such company or companies shall be com-
pelled by mandamus or other appropriate proceedings to erect, construct,

reconstruct or repair any viaduct as may be required by ordinance as

herein provided. The mayor and council shall also have power
whenever any railroad company or companies shall fail, neglect or refuse

to erect, construct, reconstruct or repair any viaduct or viaducts after

having been required so to do as herein provided, to proceed with the

erection, construction, reconstruction or repair of such viaduct or viaducts

by contract or in such other manner as may be provided by ordinance,

and assess the cost of the erection, construction, reconstruction or repair

of such viaduct or viaducts against the property of the railroad company
or companies required to erect, construct, reconstruct or repair the same,
and such costs shall be valid and subsisting lien against such property,

and shall also be a legal indebtedness of said company or companies in

favor of such city, and may be enforced and collected by suit in the

proper court.



No legislation.

No legislation.

ROADWAY. 949

NEVADA.

NEW HAMPSHIRE.

NEW JERSEY.
An Act for the abolition of grade crossings in cities of the first class,

approved March 25, 1896, Pamphlet Laws of Nezu Jersey of 1896,

page 139.

An Act to authorize any town or city of this State to enter into con*
tracts with railroad companies whose roads enter their corporate

limits to change or elevate their railroads, and, zvhen necessary^ fo)
A

that purpose, to vacate, change the grade of, or alter the lines of, any
streets or highzvays therein. Approved March 20, 1901, Pamphlet
Lazvs of New Jersey of 1901, page 116:

An Act to amend the last above entitled Act, approved April 3, 1902,

Pamphlet Lazvs of Nezu Jersey of 1902, page 402.

Section 30 of an Act Concerning Railroads (Revision of 1903),
approved April 14, igo3, Pamphlet Laws of New Jersey of 1903, page 645,

said section being found at page 661.

The Act of 1896 contemplates the appointment of a Commission on
petition to the Supreme Court, and under Section 5 thereof provides for

an apportionment of the cost of certain designated changes growing out
of the change of grade.

Under the other Acts above mentioned the matter of the apportion-
ment of expense is entirely within the powers of the contracting parties,

and may be such as they see fit to agree upon.
Prior to the enactment of the Railroad Law of 1903 above referred

to, contracts for the abolition of grade crossings were made by virtue
of an Act passed in 1874, and its amendments and supplements, which
were, however, all repealed in 1904, but were practically re-enacted in the
Railroad Act.

Under the Act of 1874, and its amendments and supplements, the
question of apportionment of expense was entirely one of contract be-
tween the parties to the agreement.

Extract fron> Chapter 97, Laws of 1896.—An Act for the abolition

of railroad grade crossings in cities of the first class: Sec. 5. When the
court shall order the doing of any work or the making of changes under
this act, the cost thereof shall be apportioned as follows: The city shall
make all necessary changes of gas pipes, water pipes, sewers and con-
duits ; the city shall also be charged with the cost of the change of. grades
of streets and the restoration and repaving of the surface of such streets
and the relocation of streets and the laying out and opening of new streets

so far as such changed or newly opened streets lie outside of the lines

of the right-of-way of the railroad company or companies, but the actual
work upon such streets may be clone either by the city or by the railroad
company, as the court may direct; and the city shall be charged with the
lawful claims for compensation and damages, if any, to property other
than the property of the railroad company or companies, by reason of the
changes of grades and locations of streets and the laying out of new
streets and the acquiring of property therefor, outside of the property
of the railroad company; and all work and all cost and expense not so
charged upon the city shall be borne by the railroad company or com-
panies owning or operating such railroad or railroads, in such proportion
as the court may fix ; and where two or more companies are interested in

the same railroad as owners, lessees or otherwise, they shall be jointly
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and severally liable to do the work and bear the expense so determined
upon, subject, however, as between themselves, to contribution according

to their respective contract rights and relations; the compensation and
expense of said commissioners shall be fixed and allowed by the court

and be apportioned between the city and the company or companies in

such manner as the Court shall deem proper.

Extract from Chapter 63, Laws of 1901, Sec. 1.—The proper munici-
pal authorities respectively of any town or city of this state be and they

are hereby authorized and empowered to enter into such contracts with

any of the railroad companies whose roads now or hereafter may enter

or lie within their respective towns or cities, as shall secure greater safety

to persons and property therein, or facilitate the construction and main-
tenance of other than grade crossings of streets or highways.

Extract from Chapter 257, Laws of 1903, Sec. 30.—In any munici-
pality or township it shall be lawful for the proper municipal authorities

to enter into such contracts with any railroad company whose road may
lie wholly or partly within the municipality or township or whose route

has been located therein as will secure greater safety to persons or prop-

erty therein, or will facilitate the construction therein or maintenance

of other than grade crossings of streets, highways or other railroads.

NEW MEXICO.
No legislation.

NEW YORK.

(Grade Crossing Law.—Chapter 754, Lazvs of 1897, as amended to and
including the session of the Legislature of iqo6. An Act to amend
railroad lazv, arid the act amendatory thereof relative to grade cross-

ings. )

Sec. 60. All steam surface railroads, hereafter built except addi-

tional switches and sidings, must be so constructed as to avoid all pub-
lic crossings at grade, whenever practicable so to do. Whenever appli-

cation is made to the board of railroad commissioners, under section

59 of the railroad law, there shall be filed with said board a map
showing the streets, avenues and highways proposed to be crossed by
the new construction, and the said board shall determine whether such
crossing shall be under or over the proposed railroad, except where
said board shall determine such method of crossing to be impracticable.

Whenever an application is made under this section to determine the

manner of crossing, the said board shall designate a time and place

when and where a hearing will be given to such railroad company, and
shall notify the municipal corporation having jurisdiction over such
streets, avenues or highways proposed to be crossed by the new rail-

road. The said board shall also give public notice of such hearing in

at least two newspapers, published in the locality affected by the appli-

cation, and all persons owning land in the vicinity of the proposed
crossings shall have the right to be heard. The decision of the said

board rendered in any proceedings under this section shall be communi-
cated, within twenty days after final hearing, to all parties to whom
notice of the hearing in said proceedings was given, or who appeared

at said hearing by counsel or in person.

Sec. 61. When a new street, avenue or highway, or new portion

of a street, avenue or highway shall hereafter be constructed across a

steam surface railroad, other than pursuant to the provisions of section

62 of this act, such street, avenue or highway or portion of such street,

avenue or highway, shall pass over or under such railroad or at grade
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as the board of railroad commissioners shall direct. Notice of inten-

tion to lay out such street, avenue or highway, or new portion of a
street, avenue or highway, across a steam surface railroad, shall be

given to such railroad company by the municipal corporation at least

fifteen days prior to the making of the order, laying out such street,

avenue or highway by service personally on the president or vice-presi-

dent of the railroad corporation, or any general officer thereof. Such
notice shall designate the time and place and when and where a hear-
ing will be given to such railroad company, and such railroad company
shall have the right to be heard before the authorities of such municipal
corporation upon the question of the necessity of such street, avenue or
highway. If the municipal corporation determines such street, avenue
or highway to be necessary, it shall then apply to the board of railroad
commissioners before any further proceedings are taken, to determine
whether such street, avenue or highway shall pass over or under such
railroad, or at grade, whereupon the said board of railroad commission-
ers shall appoint a time and place for hearing such application, and
shall give such notice thereof, as they judge reasonable, not, however, less

than ten days, to the railroad company whose railroad is to be crossed
by such new street, avenue or highway, or new portion of a street,

avenue, or highway, to the municipal corporation and to the owners of
land adjoining the railroad and that part of the street, avenue or high-
way to be opened or extended. The said board of railroad commis-
sioners shall determine whether such street, avenue or highway, or
new portion of a street, avenue or highway, shall be constructed over
or under such railroad or at grade; and if said board determine that

such street, avenue or highway shall be carried across such railroad

above grade, then said board shall determine the height, the length and
the material of the bridge or structure by means of which such street,

avenue or highway shall be carried across such railroad, and the length,

character and grades of the approaches thereto; and if said board shall

determine that such street, avenue or highway shall be constructed or
extended below the grade, said board shall determine the manner and
method in which the same shall be so carried under, and the grade or
grades thereof, and if said board shall determine that said street, ave-

nue or highway shall be constructed or extended at grade, said board
shall determine the manner and method in which the same shall be
carried over said railroad at grade and what safeguards shall be main-
tained. The decision of the said board as to the manner and method
of carrying such new street, avenue or highway, or new portion of a

street, avenue or highway, across such railroad, shall be final, subject,

however, to the right of appeal hereinafter given. The decision of

said board rendered in any proceeding under this section shall be com-
municated within twenty days after final hearing to all parties to whom
notice of the hearing in such proceeding was given or who appeared
at such hearing by counsel or in person. (Thus amended by chapter

520, Laws 1898.)

Section 62. The mayor and common council of any city, the presi-

dent and trustees of any village, the town board of any town within

which a street, avenue or highway crosses or is crossed by a steam
surface railroad at grade, or any steam surface railroad company,
whose road crosses or is crossed by a street, avenue or highway at

grade, may bring their petition, in writing, to the board of railroad

commissioners, therein alleging that public safety requires an alteration

in the manner of such crossing, its approaches, the method 'of crossing,

the location of the highway or crossing, the closing and discontinuance

of a highway crossing and the diversion of the travel thereon to another

highway or crossing, or if not practicable to change such crossing from



952 ROADWAY.

grade or to close and discontinue the same, the opening of an additional
crossing for the partial diversion of travel from the grade crossing,

and praying that the same may he ordered ; whereupon the said board
of railroad commissioners shall appoint a time and place for hearing
the petition, and shall give such personal notice thereof as they shall

judge reasonable, of not less than ten days, however, to said petitioner,

the railroad company, the municipality in which such crossing is situ-

ated, and to the owners of the lands adjoining such crossing and
adjoining that part of the highway to be changed in grade or location,

or the land to be opened for a new crossing, and shall cause notice

of said hearing to be advertised in at least two newspapers published
in the locality affected by the application; and after such notice of

hearing the said board of railroad commissioners shall determine what
alterations or changes, if any, shall be made. The decision of said

board of railroad commissioners rendered in any proceeding under this

section shall be communicated within twenty days after final hearing

to all parties to whom notice of the hearing in said proceeding was
given, or who appeared at said hearing by counsel or in person. Any
person aggrieved by such decision, or by a decision made pursuant to

sections 60 and 61 hereof, and who was a party to said proceeding,

may within sixty days appeal therefrom to the appellate division of

the supreme court in the department in which such grade crossing is

situated and to the court of appeals, in the same manner and with

like effect as is provided in the case of appeals from an order of tli2

supreme court. (Thus amended by chapter 520, Laws 1898, and chapter

359, Laws 1899.)

Sec. 63. The municipal corporation in which the highway crossing

is located, may, with the approval of the railroad company, acquire

by purchase any lands, rights or easements necessary or required for

the purpose of carrying out the provisions of sections 60, 61 and 62 of

this act, but if unable to do so shall acquire such lands, rights or ease-

ments by condemnation either under the condemnation law, or under
the provisions of the charter of such municipal corporation. The rail-

road company shall have notice of any such proceedings and the right

to be heard therein. (Thus amended by chapter 226, Laws 1899.)

Sec. 64. When a highway crosses a railroad by an overhead bridge,

the framework of the bridge and its abutments shall be maintained
and kept in repair by the railroad company, and the roadway thereover

and the approaches thereto shall be maintained and kept in repair

by the municipality in which the same are situated ; except that in the

case of an overhead bridge constructed prior to the enactment of sec-

tions 61 and 62 of this act, the roadway over and the approaches to

which the railroad company was under obligation to maintain and
repair, such obligations shall continue, provided the railroad company
shall have at least ten days' notice of any defect in the roadway there-

over and the approaches thereto, which notice must be given in writing

by the commissioner of highways or other duly constituted authorities,

and the railroad company shall not be liable by reason of any such
defect unless it shall have failed to make repairs within ten days after

the service of such notice upon it. When a highway passes under a

railroad, the bridge and its abutments shall be maintained and kept in

repair by the railroad company, and the subway and its approaches shall

be maintained and kept in repair by the municipality in which the same
are situated. (Thus amended by chapter 140, Laws 1902.)

Sec. 65. Whenever, under the provisions of section 60 of this act,

new railroads are constructed across existing highways, the expense
of crossing above or below the grade of the highway shall be paid
entirely by the railroad corporations. Whenever, under the provisions
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of section 61 of this act, a new street, avenue or highway is constructed

across an existing railroad, the railroad corporation shall pay one-half

and the municipal corporation wherein such street, avenue or highway
is located, shall pay the remaining one-half of the expense of making
such crossing above or below grade; and whenever a change is made
as to an existing crossing in accordance with the provisions of section

62 of this act, 50 per centum of the expense thereof shall be borne
by the railroad corporation, 25 per centum by the municipal corpora-
tion, and 25 per centum by the state. Whenever, in carrying out the

provisions of section 61 or 62 of this act, two or more lines of steam
surface railroad, owned and operated by different corporations, cross a
highway at a point where a change in grade is made, each corporation
shall pay such proportion of 50 per centum of the expense thereof
as shall be determined by the board of railroad commissioners. In carry-
ing out the provisions of sections 60, 61 and 62 of this act the work shall

be done by the railroad corporation or corporations affected thereby,

subject to the supervision of and approval of the board of railroad

commissioners, and in all cases, except where the entire expense is

paid by the railroad corporation, the expense of construction shall be

paid primarily by the railroad company, and the expense of acquiring

additional lands, rights or casements, shall be paid primarily by the

municipal corporation wherein such highway crossings are located.

Plans and specifications of all changes proposed under sections 61 and
62 of this act, and an estimate of the expense thereof, shall be sub-
mitted to the board of railroad commissioners for their approval before
the letting of any contract. In case the work is done by contract the

proposals of contractors shall be submitted to the board of railroad

commissioners, and if the board shall determine that the bids are ex-
cessive it shall have the power to require the submission of new pro-

posals. The board of railroad commissioners may employ temporarily

such experts and engineers as may be necessary to properly supervise

any work that may be undertaken under sections 60, 61 or 62 of this

act, the expense thereof to be paid by the comptroller upon the requisi-

tion and certificate of the said board, said expense to be included in

the cost of the particular change in grade on account of which it is

incurred and finally apportioned in the manner provided in this section.

Upon the completion of the work and its approval by the board of rail-

road commissioners an accounting shall be had between the railroad

corporation and the municipal corporation of the amounts expended by
each, with interest, and if it shall appear that the railroad corporation
or the municipal corporation have expended more than their proportion

of the expense of the crossing as herein provided, a settlement shall be
forthwith made in accordance with the provisions of this section. All

items of expenditure shall be verified under oath, and, in case of a dis-

pute between the railroad corporation and the municipal corporation as

to the amount expended, any judge of the supreme court im the judicial

district in which the municipality is situated may appoint a referee to

take testimony as to the amount expended, and the confirmation of the

report of the referee shall be final. In the event of the failure or

refusal of the railroad corporation to pay its proportion of the expense,

the same, with interest from the date of such accounting, may be

levied and assessed upon the railroad corporation and collected in the

same manner that taxes and assessments are now collected by the

municipal corporation within which the work is done; and in the event

of the failure or refusal of the municipal corporation to pay its propor-

tion of the expense, suit may be instituted by the railroad corporation

for the collection of the same with interest' from the date of such ac-

counting, or the railroad corporation may offset such amount with interest
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against any taxes levied or assessed against it or its property by such

municipal corporation. The legislature shall annually appropriate out

of any moneys not otherwise appropriated the sum of one hundred

thousand dollars for the purpose of paying the state's proportion of the

expense of a change in an existing grade crossing. If, in any year, any

less sum than one hundred thousand dollars is expended by the state

for the purpose aforesaid, the balance remaining unexpended shall be

applied to reduce the amount appropriated by the state in the next

succeeding year, except that no such deduction shall be made in case

there are outstanding and unadjusted obligations on account of a change

in an existing grade crossing for a proportion of which the state is

liable under the provisions of this section. In the event of the appro-

priation made by the state in any one year being insufficient to pay the

state's proportion of the expense of any change that may be ordered

the first payment from the appropriation of the succeeding year shall

be on account of said change, and no payment shall be made on account

of any subsequent change that may be ordered, nor shall any subse-

quent change be ordered until the obligation of the state on account of

the first named change in grade has been fully- discharged, unless the

same shall be provided for by an additional appropriation to be made
by the legislature. The state's proportion of the expense of changing

any existing grade crossing shall be paid by the state treasurer on the

warrant of the comptroller, to which shall be appended the certificate

of the board of railroad commissioners to the effect that the work has

been properly performed and a statement showing the situation of the

crossing that has been changed, the total cost and the proportionate

expense thereof, and the money shall be paid in whole or in part to

the railroad corporation or to the municipal corporation as the board

of railroad commissioners may direct, subject, however, to the rights

of the respective parties as they appear from the accounting to be had

as hereinbefore provided for. No claim for damages to property on

account of the change or abolishment of any crossing under the pro-

visions of this act shall be allowed unless notice of such claim is filed

with the board of railroad commissioners within six months after com-
pletion of the work necessary for such change or abolishment.

Sec. 66. The railroad commissioners may, in the absence of any
application therefor, when, in their opinion, public safety requires an
alteration in an existing grade crossing, institute proceedings on their

own motion for an alteration in such grade crossing, upon such notice

as they shall deem reasonable, of not less than ten days, however, to

the railroad company, the municipal corporation and the person or per-

sons interested, and proceedings shall be conducted as provided in sec-

tion 62 of this act. The changes in existing grade crossings authorized

or required by the board of railroad commissioners in any one year

shall be so distributed and apportioned over and among the railroads

and the municipalities of the state as to produce such equality of bur-

den upon them for their proportionate part of the expenses as herein

provided for as the nature and circumstances of the cases before them
will permit.

Sec. 67. It shall be the duty of the corporation, municipality or

person or persons to whom the decisions or recommendations of the

board of railroad commissioners are directed, as provided in sections

60, 61, 62 and 66 of this act, to comply with such decisions and recom-
mendations, and in case of their failure so to do, the board shall

present the facts in the case to the attorney-general, who shall there-

upon take proceedings to compel obedience to the decisions and recom-
mendations of the board of railroad commissioners. The supreme court

at a special term shall have the power in all cases of such decisions
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and recommendations by the board of railroad commissioners to com-
pel compliance therewith by mandamus, subject to appeal to the appel-

late division of the supreme court and the court of appeals, in the

same manner, and with like effect, as is provided in case of appeals

from any order of the supreme court.

Sec. 67a. Whenever in carrying out any of the provisions of sec-

tions 60, 61, 62, 63, 64, 65, 66, or 67 of this act, any municipality shall

incur any expense or become liable for the payment of any moneys, it

shall be lawful for such municipality to temporarily borrow such mon-
eys on the notes or certificates of such municipality, and to include the

amount of outstanding notes or certificates, or any part thereof, in its

next annual tax levy for municipal purposes, or in the discretion of

the common council in case of a city, the board of trustees in case of

a village or the town board in case of a town, to borrow the same, or

any part thereof, on the credit of the municipality, and to issue bonds
therefor, which bonds shall be signed by the mayor and clerk in case

of a city, the president and clerk in case of a village, and the town
board in case of a town, and shall be in such form and for such sums
and be payable at such times and places, with interest not exceeding

4 per centum per annum, as the common council in case of a city, the

board of trustees in case of a village, and the town board in case of a

town, shall direct.

Sec. 68. All steam railroads hereafter constructed across the tracks

of any other railroad and any street surface railroad hereafter con-

structed across a steam railroad shall be above, below, or at grade of

such existing railroad as the board of railroad commissioners shall

determine, and such board shall in such determination fix the proportion

of expense of such crossing to be paid by each railroad.

Sec. 69. The provisions of this act shall also apply to all existing

or future steam surface railroads, on which, after the passage of this

act, electricity or some other agency than steam shall be substituted as

a motive power.

NORTH CAROLINA.

Sec. 2568. Highways Crossed.—Whenever the track of a railroad

constructed by a company shall cross a railroad, a highway, turnpike or

plank road, such highway, turnpike or plank road may be carried under
or over the track as may be found most expedient ; and in cases where
embankment or cutting shall make a change in the line of such highway,
turnpike or plank road desirable, the said company may take such addi-

tional lands for the construction of such road, highway, turnpike or plank
road on such new line as may be deemed requisite by the directors!

Unless the lands so taken shall be purchased for the purposes aforesaid,

compensation therefor shall be ascertained in the manner prescribed

in this chapter for the acquiring title to real estate, and duly made by
said corporation to the owners and persons interested in such land. The
same when so taken shall become a part of such intersecting highway,
turnpike or plank road in such manner and by such tenure as the adjacent

parts of the same highway, turnpike or plank road may be held for high-

way purposes.
Code sec. 1954; 1871-2, chap. 138, sec. 26.

Note for liability of railroads, etc., to keep up bridges and crossings,

see sees. 2700, 2701.

Sec. 2569. Not to Obstruct Roads or Ways.—Whenever, in their

construction, the works of any of said corporations shall cross established

roads or ways, the corporation shall so construct its works as not to

impede the passage or transportation of persons or property along the

same.
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Code sec. 1710; R. C. chap. 61, sec. 30; 1874-5, chap. 83.

Sec. 2570. When Company May Turn Roads.—In order to prevent

the frequent crossing of such roads or ways, or in cases where it may be

necessary to occupy the same, the corporation may change the roads and

ways so as to avoid such crossing and occupation, and to such points as

may be deemed expedient.

Code sec. 171 1; R. C. chap. 61, sec. 31; 1874-5, chap. 83.

Sec. 2571. Damages Paid When Road Turned.—For any injury done

to the laads of persons by taking them under the preceding section the

value thereof shall be assessed in like manner as is provided for assessing

damages to real estate for taking lands for railroads as in this chapter

provided.
Code sec. 1712; R. C. chap. 61, sec. 32; 1874-5, chap. 83.

Sec. 2572. Established Roads Not Impeded Until New Road Made.—
Before any part of an established road or way shall be impeded by any
of said corporations, the new road or way shall be prepared and made
equally good with the portion proposed to be discontinued; and then the

same shall be deemed a part of the original road or way and shall be kept

up and repaired as before the change.
Code sec. 1713; R. C. chap. 61, sec. 33; 1874-5, chap. 83.

(5) Obstructions Not Allowable.—To construct its road across,

along, or upon any stream of water, watercourse, street, highway, plank

road, turnpike, railroad or canal which the route of its road shall intersect

or touch, but the company shall restore the stream or watercourse, street,

highway, plank road and turnpike road thus intersected or touched, to its

former state or to such state as not unnecessarily to have impaired its

usefulness. Nothing in this chapter contained shall be construed to

authorize the erection of any bridge or any other obstructions across,

in or over any stream or lake navigated by stream or sail boats, at the

place where any bridge or other obstructions may be proposed to be

placed, nor to authorize the construction of any railroad not already

located in, upon or across any streets in any city without the assent

of the corporation of such city.

(6) Crossing, Intersecting, Etc., of Railroads.—To cross, intersect,

join and unite its railroad with any other railroad before constructed,

at any point on its route and upon the grounds of such other company,
with the necessary turnouts, sidings and switches and other conveniences

in furtherance of the object of its connections. And every company
whose railroad is or shall be hereafter intersected by any new railroad

in forming such intersections and connections and grant the facilities

aforesaid, and if the two corporations cannot agree upon the amount
of compensation to be made therefor, or the points and manner of

such crossings and connections, the same shall be ascertained and de-

termined by commissioners to be appointed by the court as is provided

in this chapter in respect to acquiring title to real estate.

NORTH DAKOTA.

Revised Statutes 1905, section 4274, is as follows: "Every corpora-

tion constructing, owning or using a railroad shall restore every stream

of water, water course, street, highway, plank road, toll or wagon road,

turnpike or canal across, along or upon which such railroad may be

constructed to its former state or to such condition as that its useful-

ness shall not be materially impaired, and thereafter maintain the same

in such condition against any effects in any manner produced by such

railroad."

This section has not received judicial construction.
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OHIO.

Bates' Annotated Ohio Statutes, Volume 2, Sections (3337-8) to

(3337-^2), inclusive; Section (3337-^7^)-
Laws of 1906, H. B. 450, p. 191.

Extract from Section (3337-8) : If the council or board of legisla-

tion of any municipal corporation ... or the commissioners of any
county . . . and the directors of the railroad company or companies
are of the opinion that the security and convenience of the public
require that alterations shall be made in such crossing . . . so as

to avoid a crossing at grade . . . and if they agree as to the altera-

tions which should be made, etc."

Extract from Section (3337-12) : The cost of the construction of
the improvement in the crossing (Under 3337-8), including the cost of
land or property purchased or appropriated and the payment of damages
to abutting property shall be apportioned as follows : The railroad
company or companies . . . shall pay not less than 65 per centum
of such cost, and the municipality or county shall pay not more than

35 per centum of such cost. Within these limits the apportionment
may be fixed by the agreement under Section (3), Section (3337-10)
hereof.

Extract from Section (3337-i7a) : Any municipal corporation may
raise or lower, or cause to be raised or lowered, the grade of any
street or way above or below any railroad tracks therein, and may re-

quire any railroad company operating a railroad in such municipality
to raise or lower the grade of its tracks . . . whenever in the opinion
of the council, board of legislation or other legislative body the raising

or lowering of the grade . . . may be necessary.

Extract from Laws of 1906, H. B. 456, p. 191 : The cost of the
construction of the improvement authorized (Under 3337-173. et seq.),

including the making of ways, crossings or viaducts, above or below the
railroad tracks, and also including the raising or lowering of the grades
of the railroad tracks and sidetracks for such distance as may be
required by such municipality and made necessary by such improve-
ment, together with the cost of any land or property purchased or
appropriated, and damages to owners of abutting property, or other
property, shall be borne one-half by any such municipality and one-half

by any such railroad company or companies.

OKLAHOMA.
No legislation.

OREGON.

Section 28 of chapter 53, General Laws of 1907, contains the fol-

lowing provision: "Whenever a complaint is lodged with the railroad
commission by the common council or mayor of any city, or any county
judge or county commissioner or road supervisor, or by five or more
freeholders and taxpayers in any town or road district to the effect

that a public highway and a railroad cross one another in such city

or road district at the same level, and that such grade crossing is

unsafe and dangerous to travelers over such highway or railroad, it

shall be the duty of said commission to give notice to the railroad in

interest of the filing of such complaint, and to furnish a copy of the
same to the railroad company, and to order a hearing thereon in the
manner provided for hearings in this section. If upon such hearing it

shall appear to the satisfaction of the commission that the crossing
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complained of is unsafe and dangerous to human life, said commission
may order and direct the railroad to erect gates at said crossing and
place an employe in charge to open and close the same when an engine
or train passes, or that a flagman he stationed at such crossing who
shall display a flag when an engine or train is about to pass, or thai

such crossing shall be provided with an electric signal, or other suit-

able device as the commission determines the better security of human
life and the public travel requires ; and such railroad shall comply with
the terms of such order."

PENNSYLVANIA.

In 2 Brightley Purden's Digest, page 1822, Sections 233, 234, 235
and 236, provide for elevations or depressions under contract or by the

consent of municipalities by the passage of an ordinance. The Penn-
sylvania law seems to leave open the question of apportionment of

expense to be covered by the contract.

Also, in the Laws of Pennsylvania for 1901, page 20, there is a law
entitled "An Act for the government of cities of the second class." In

Section XIV of Article 19 of the Act, page 41, it is provided, as one
of the corporate powers of said cities, that they shall have power to

provide for, and require, the construction and maintenance of bridges
or other crossings over or under railroad tracks, and to enter into

contracts with lailroad companies for the construction and maintenance
of the same. (Act approved March 7, 1901.)

The following Acts relate to the same subject:

An Act relating to railroad crossing of highways, and for the

regulation, alteration and abolition of grade crossings, except in cities

of the first and second classes, approved June 2, 1901.—Pamphlet Laws
of Pennsylvania of 1901, page 531.

An Act authorizing vacation of public highways at grade crossings

over railroads, and the opening of undergrade or overgrade crossings

in lieu thereof by the Court of Quarter Sessions, approved April 22,

1905.—Pamphlet Laws of Pennsylvania of 1905, page 295.

The Act of 1901 above mentioned relates in the first instance to

new lines of railroads, and provides for their construction above or
below grade of highway, unless permitted to be constructed at grade by
the Court of Common Pleas upon petition presented and after certain

proceedings are taken. Section 3 of this Act, however, provides that

where streets are laid out across an existing railroad, the construction

shall be above or below the grade thereof, unless permitted to be con-
structed at grade by proceedings taken in the Common Pleas Court.

If the construction is above or below grade, the cost of the work
is to be paid one-half by the municipality and one-half by the railroad

company. There are other sec, ions that provide that any railroad

company may at its own cost, and by its own motion, vacate and alter

any grade crossing, except in cities of the first and second classes, by
passing the highway over or under its railroad; and any municipality

except cities of the first and second classes, mav at its own motion, at

its own cost, vacate and alter any grade crossing within its limits by
passing the highway over or under the railroad.

The Act of T905 contemplates the abolition of a grade crossing

and the construction of an under or overgrade crossing near to the

other, and obtaining the approval of such action by the Court of Quarter
Sessions, which has the power to sav that the over or undergrade cross-

ing shall take he place, and he used instead of the grade crossing.

Chapter 187, Sec. 44, General Laws: If the town council of any

town wherein a turnpike or highway crossed by a railroad on a level
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therewith is situated, are of the opinion that it is necessary for the
security of the public that the turnpike or highway should be raised
or lowered, so as to pass over or under the railroad, they may in

writing request the corporation owning the railroad so to raise or lower
such turnpike or highway. If the corporation shall neglect or refuse,
so to do, the town council may apply to the railroad commissioner to
decide upon the reasonableness of the request. If the railroad com-
missioner, after due notice and hearing the parties, shall decide that
such lowering or raising of grade is necessary for the security of the
public, the corporation shall comply with the decision : Provided, that
either party shall have the right, within thirty days after such decision,
to petition the appellate division of the Supreme Court for relief, in

substantially the same form, and with like procedure, as is prescribed
in section 3 of chapter 184; and said court shall have full power to
finally decide said question as to the necessity of changing said grade.
The cost and expense of making said change of grade shall be borne
by the railroad corporation and the town asking for such change, in

such proportion as may be decided by said court. If, after decision of

said court that a change of grade is necessary, or if, having taken no
appeal from the decision of the railroad commissioner as aforesaid, the

corporation shall unreasonably neglect or refuse to change the said

grade, the town council may proceed to make said change, and may
in action against the corporation recover all charges and expenses
occasioned 1>v making the alterations.

Note.—The grades of railroads and highways are sometimes sepa-

rated under agreements between the railroad company and the munic-
ipality in which the crossing is located, under a special act of the

legislature which leaves the parties free to make such division of ex-

pense as they may agree upon.

RHODE ISLAND.

Under special act, several Providence grade crossings were elimi-
nated some years ago, the expense being borne on the following basis

:

Railway company, 667^ per cent. ; city, 33J/3 per cent. The Rhode
Island railways pay a tax to cities and towns in which property is

located, hence the state and county bear no share of grade crossing
elimination cost.

SOUTH CAROLINA.

Sec. 2181. A railroad corporation may raise or lower any highway
or other way for the purpose of having its road pass over or under
the same ; but before proceeding to cross, alter, or excavate for the
purpose of crossing the way, it shall obtain from the county commis-
sioners a decree prescribing what alterations may be made in the way,
and the manner and time of making the alterations or structures the
commissioners may require at the crossing, and before entering upon,
excavating, or altering the way, shall give security satisfactory to the
commissioners of the county in which the crossing is situated, that it

will . faithfully comply with the requirements of the decree to the
acceptance of the commissioners, and indemnify the city or town from
all damages and charges by reason of any failure so to do ; Provided,
that where such highway or other way shall be within the corporate
limits of any city, town or village, such permission shall be obtained
from, and security given to, the proper municipal authorities thereof,

instead of from and to the said county commissioners.
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Sec. 2182. A railroad corporation may .liter the course of a high-

way or other way, other than a street, in any incorporated city, town
or village, for the purpose of facilitating the crossings of the same
by its roads, or permitting its road to pass at the side thereof without

crossing, upon obtaining a decree of the county board of commissioners
prescribing the manner and time of such alteration. The corporation

shall pay all damages occasioned to private property by the alteration,

as in the case of land taken for its road.

Sec. 2183. A railroad corporation whose road is crossed by a
highway or other way on a level therewith shall, at its own expense,
so guard or protect its rails by plank, timber or otherwise as to secure
a safe and easy passage across its road; and if, in the opinion of the
county board of commissioners, or if such highway or other way be
within the corporate limits of any city, town or village, then the proper
municipal authorities thereof, any subsequent alteration of the highway
or other way, or any additional safeguards, are required at the crossing,
they may order the corporation to establish the same.

SOUTH DAKOTA.
No legislation.

TENNESSEE.

There is no statute in Tennessee, and no adjudication by the court
upon the questions, separation of grades at crossing of railroads with
each other, or with public highways, and cost of constructing overhead
bridge's or underpasses, other than these

:

By the Acts of the General Assembly of the State of Tennessee of

1889, chap. 119, page 222, it is provided:
Sec. 1.—Be it enacted by the General Assembly of the State of

Tennessee, that all persons, companies, corporations or syndicates owning
or operating a railroad or railroads in the State of Tennessee be required
to make and furnish good and sufficient crossings on the public highways
crossed by them, and keep same in lawful repair at their own expense.

Sec. 2.—Be it further enacted, that a failure to observe and fully

comply with the provisions of the first section of this Act shall subject

the offender to a fine of not less than one hundred dollars and the grand
juries of the State shall have inquisitorial powers to investigate any
violations or the provisions of this Act, as now allowed by law in other

misdemeanors, provided that this Act shall not apply to crossings within

the corporate limits of towns or cities.

By the Acts of 1899, chap. 356, page 840, it is provided as follows

:

Sec. I.—Be it enacted by the General Assembly of the State of

Tennessee, that every company, corporation or person operating a

line of railroad within the State of Tennessee shall be required to grade

to a level with the rails of said railroad and to keep in repair every

public road crossing such railroad for a distance of ten feet on each

side of such railroad track and between the rails thereof; provided,

that the .provisions of this Act shall not apply within the limits of any

city, taxing district, or incorporated town.
In the case of L. & N. vs. State, 40 Tenn., 522, it is said:

"As to the power which a railway company has to make a road over,

or across a public highway, the law is that, if possible, the work must
be constructed without any inconvenience to the public; but if it cannot

be done without some inconvenience, it must be done with the least

possible inconvenience. This is so, whether the obstruction of the high-

way be expressly prohibited in the charter or not. If a bridge or a

substituted road be necessary to prevent the obstruction, the railway
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company must build it immediately, or in a reasonable time, and cannot
delay it till their road is completed. The company must so use their

own rights as not to injure or take away the rights of others."

In the case of Dyer County vs. Railroad, 87 Tenn., 712, it was
held that where a railroad crosses a public road already in use, the

railroad company and its successors must, if not relieved by statute, not

only restore the public road but erect and maintain perpetually all struc-

tures and keep up all repairs made necessary by such crossing for the

safety and convenience of public travel, and that when the railroad

company fails to perform its duly touching structures and repairs at

its intersection with a public road, the county having the work done can

recover the reasonable cost thereof.

In that case the Supreme Court of Tennessee says

:

"It is a well-settled rule of the common law, resting upon the most
obvious considerations of fairness and justice, that where a new high-

way is made across another one already in use, the crossing must not

only be made with as little injury as possible to the old way, but

whatever structures may be necessary to the convenience and safety of

the crossing must be erected and maintained by the person or corporation

constructing and using the new way."
In another portion of the opinion, the Supreme Court quotes approv-

ingly from 2d Wood on Railway Law 958 as follows

:

"The right to lay a railway track in a public street or highway
carries with it the obligation not only to lay it in a proper manner, but

also to keep it in repair."

And further the court stay

:

"Upon very much the same principle it has been decided in Illinois

that where one railroad company condemns a right-of-way across the

right-of-way of another railroad company, the amount recoverable by
the latter from the former, as compensation for the property taken,

should include a sum sufficient to erect and maintain perpetually a bridge

rendered necessary by an excavation made under the tracks of the latter

by the former."
In the case of City of Harriman vs. Southern Railway, in Tenn.

538, the Supreme Court held: Amendatory injunction will be granted to

compel a railroad to erect at its own expense, a bridge or viaduct over

its track at a public street crossing in obedience to an ordinance
_
of

_
a

municipal corporation enacted under the power conferred upon it in its

charter by the legislature, although the railroad tracks were laid before

the street was laid out or the city was so incorporated, and the tracks

were laid in a cut twenty feet below the grade of street crossing, where
the public safety and necessity requires such bridge. The police power
authorizes the requirement of such bridge.

This was a suit by the City of Harriman to compel the Southern

Railway to construct a viaduct or bridge over its track at a public

street crossing in obedience to an ordinance enacted by the City Council

of Harriman. The city of Harriman was incorporated by a special

law passed by the General Assembly of the State of Tennessee at its

session in 1891. Among the powers conferred by the Act upon the city

was the following

:

"To regulate the use of locomotive engines ; to direct and control

the location of cable and other railroad tracks, and to require the

railroad companies to construct at their own expense such bridges and

approaches, tunnels or other conveniences at public crossings, and

such viaducts and their approaches over their tracks where the same
cross or extend along public highways or streets, and

_
to put such

streets in such condition and state of repair as not to interfere with

the free and proper use of said streets or crossings, as the city council
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may deem necessary ; and where a viaduct or viaducts cross the tracks
of such railroad companies, to compel them to build their portion of a

continuous viaduct or viaducts over said tracks with their approaches,
and to regulate the rate of speed of all railroad trains within the city,

and their stops at said crossings."

The ordinance in question is based upon this authority given by
the charter, and the Supreme Court held as hereinabove stated.

By Section 1504 of Shannon's Code, it is provided:
"All the railroads of the State have power to construct their roads

so as to cross each other, if necessary, by the main trunks or branches,

or to unite with each other as with branches."
In the case of L. & N. et al. vs. State of Tenn., 9 Baxter 522, it

was held that this power being conferred on corporations which had
built, or were empowered to construct railroads, and had already the

power, in so doing, to exercise the right of eminent domain, and to

purchase land for the purposes of the track, needed no additional power
to be conferred in order to carry out the objects of the legislature.

In the case of L. & N. vs. Quinn, 82 Tenn. 65, it was held that

this section was intended as a general amendment to the charters of

all railroad companies that might see proper to accept its provisions by

exercising the rights and privileges conferred by it, and under it a rail-

road company authorized by its charter to condemn land for right-of-

way, may condemn land to build a track connecting or uniting it with

another railroad, and if it appropriates land for such purpose
_
without

having same condemned, it is not liable as a trespasser, but for its value

and incidental damages, under the s!atute providing for the measure

of damages in case of condemnation proceedings.

Of course these latter decisions bear only indirectly upon the ques-

tions submitted, but it would appear from them that if one railroad

company crosses another that it would have to bear the expense of

making the crossing and of condemnation of the necessary land for

the purpose.

In addition to this the charter of many of the railroad companies

in Tennessee were granted by special act of the General Assembly, and
in many of these are provisions with reference to crossings of streets,

highways and the tracks of other companies ; and in addition to this

there is in Tennessee a system of incorporating towns not only by gen-

eral law but by special act of the General Assembly. The majority of

the cities in Tennessee are incorporated by special law, and in order to

ascertain just what powers they have with reference to these matters, it

would be necessary to examine the charter of each particular munici-

pality.

TEXAS.

Supplement to Sayles' Texas Civil Statutes, chapter 13b, par. 1, p.

499.—That where it should become necessary for the track of one
railroad company to cross the track of another railroad company, it

shall be the duty of the Railroad Commission of the State of Texas
to ascertain and define by its decree the mode of such crossings which
will occasion the least probable injury upon the rights of the company
owning the road which is intended to be crossed ; and if it should appear

to said Commission that it is reasonable and practicable to avoid a

grade crossing said Commission shall by its order prevent the same.

UTAH.
No legislation.
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VERMONT.
The State of Vermont has quite reaently adopted a law similar

to that of Massachusetts, except that the Railroad Commissioners initiate

all proceedings and assume the part handled by the Special Commission
of Massachusetts. The law requires the elimination of at least one
crossing for each 80 miles of railroad in the state each year. The
division of expense is the same as in Massachusetts.

VIRGINIA.
Section 1294-D. Crossing of One Railroad by Another, or Other

Highway; Section Not to Apply to Cities and Towns or to Electric
Railways.

(38) It is hereby declared to be the policy of this State that all

crossings of one railroad by another, or of a country road or highway
by a railroad, or of a railroad by a county road or highway, shall,

wherever reasonably practicable, pass above or below the existing
structure. And every railroad hereafter constructed across another rail-

road or across a county road or highway, and every county road or
highway hereafter constructed across a railroad, shall, wherever it is

reasonably practicable, and does not involve an unreasonable expense,
all the circumstances of the case considered, pass above or beneath the
existing structure at a sufficient elevation or depression, as the case
may be, with easy grades, so as to admit of safe and speedy travel over
each. The provisions of this section shall not apply to crossings in cities

or towns, nor to electric railways within or without cities and towns.

(39) At every existing crossing, such as is mentioned in the pre-

ceding section, the grade of the work last constructed, to the full width
of the road crossing, shall be made sufficiently smooth and level to admit

of safe and speedy travel over such crossing. When such improvement
is to be made in a railroad it shall be made by the corporation, company,
or person operating the same. When it is to be made in a county road,

street, or other highway, it shall be made by the corporation whose
track is to be crossed, and the expense shall be made equally by said

corporation and by county, city or town having control of such county

road, street or other highway. When the crossing is at an elevation the

approaches and structures shall be safe, permanent and substantial, and
when the crossing is underneath the road to be crossed, the road, street

or highway and all necessary drains and ditches shall be put in good,
permanent condition, and the structure supporting the road shall be

safe, substantial and permanent. Whenever ihe character of the work
to be done on the structures, roads, streets or highways, drains and
ditches cannot be agreed to by the corporation and the county, city or
town bearing the expense of the crossing, the same shall be fixed and
determined by the State Corporation Commission. After said crossing

has been constructed the corporation whose track or work is crossed
shall maintain the same.

Section 1294-B. Rights and Liabilities of One Corporation Crossing

the Line or Works of Another; Costs, Plans, Etc.; Inquiry of the Com-
mission; When Expert Engineers to Be Employed ; Appeal Change of

Line, County Road, Water Course, Etc.

(3) If any railroad, canal, turnpike or other public service corpora-
tion deems it necessary in the construction of its works to cross any
other railroad, canal, turnpike or works of any other public service

corporation, or any county road, it may do so
;
provided, such crossing

shall be so located, constructed and operated as not to impair, impede,
or obstruct, in any material degree, the works and operations of the

railroad, canal, turnpike or other works to be crossed ; and provided
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such crossing shall be supported by such permanent and proper struc-

tures and fixtures, and shall be controlled by such customary and ap-

proved appliances, methods and regulations as will best secure the safe

passage and transportation of persons and property along such crossing,

and will not be injurious to the works of the company to be crossed.

The cost of such crossings, their appliances and apparatus, and of the

repair and operation of same shall be borne by the party desiring to

make the crossing. Before the work is commenced on the crossing,

the president or general managing officer of the company which pro-
poses to cross the works of another company shall submit plans, specifica-

tions, appliances and methods of operation to the president or other
general officer of. the latter company, and if the said plans and specifi-

cations are not accepted within thirty days after the same have been deliv-

ered to the president, or any general officer of the company whose works
are to be crossed, the president or general managing officer of the first-

named company may then proceed with construction and operation of the

said crossing, under the plans and specifications, and with the appliances

and methods, so submitted; provided, however, the president or general

managing officer of the company whose works are to be crossed may,
within fifteen days from the date of the service of such notice, apply

to the State Corporation Commission to inquire into the necessity for

such crossing, and the propriety of the proposed location, and all matters

pertaining to its construction and operation ; and thereupon, within

thirty days from the date of the service of the first notice aforesaid,

the State Corporation Commission in its discretion may, by notice served

upon both companies, suspend work on such crossing for such reasonable
time, prescribed in said notice, as it may deem necessary to make such
inquiry. The said State Corporation Commission may in its discretion

where railroads or canals are to be crossed by other railroads or canals,

employ expert engineers, at a cost not exceeding five hundred dollars,

to be paid equally by both companies, who shall, with the State Corpora-
tion Commission, or some member thereof, or such person as the said

Commission may designate, examine the locations, plans, specifications,

appliances and methods proposed to be employed, and shall hear any
objections and consider any modifications that the company whose line

is to be crossed may desire to offer, and within such time as the State

Corporation Commission may fix shall reject, approve or modify the

said plans and specifications, which shall, unless an appeal be taken to

the Supreme Court of Appeals within thirty days from the date of the

final order of the said Commission, be final and binding on both
companies. If any such company desires that the course of any other

railroad, turnpike, canal or other works shall be changed to avoid the

necessity of any crossing, or frequent crossings of the same, the change
may be made in such manner and on such terms as may be agreed upon
by the company desiring the change, and the person, company or county
owning or having charge of the works to be affected by such change.

If any such crossing or change as is provided in this section cause

damage to the works of any company, or of any county, or to the owner
or occupant of any lands, the company exercising the privileges herein

granted shall make proper compensation for such damage. Upon the

failure of the company desiring to make the crossing to receive notice of

the acceptance of the said plans and specifications within thirty days

from giving the notice aforesaid, or upon the adoption of the plans,

appliances and methods by the State Corporation Commission, or if any
appeal be taken, as aforesaid, upon the adoption by the Supreme Court
of Appeals of the plans, appliances and methods, and the payment of

the proper compensation for damages by the company desiring to cross

the works of another company, such damages to be ascertained according
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to the laws regulating the exercise of the right of eminent domain,
work may be commenced immediately, and no order shall be made, and
no injunction awarded, by any court or judge to stay the proceedings or
prosecution of the work; but any county road, or stream, or water
course, may be altered by any such company for the purposes aforesaid
whenever it shall have made an equally convenient road or waterway' in

lieu thereof, the said company having first obtained the consent of the
board of supervisors of the , county to the alteration of any road or
highway.

WASHINGTON.
No legislation.

WEST VIRGINIA.
Sec. 2216: Crossings, Connections or 'Alteration of Works—Com-

pensation—Suit in Equity—Alteration of County Road.—If any railroad,
turnpike or canal company deem it necessary in the construction of their
work, or any branch or siding thereof, to cross any other railroad, turn-
pike or canal, or any state or county road, at grade or otherwise, it may
do so, provided its work be so constructed as not to impede the passage
or transportation of persons or property along the same. If any such
company desires that the course of any other railroad, turnpike, canal
or state road, or any stream which is not a public highway, should be
altered to avoid the necessity of any crossing, or of frequent crossings,
or to facilitate the crossing thereof, or the construction of a parallel
work, the alteration may be made in such manner as may be agreed
between the company desiring such alteration, and the other railroad,
turnpike or canal company, or the board of public works in the case
of a state road, or the owners of the land to be affected by the altera-

tion of the course of such stream. In case the parses interested fail to

agree upon such crossing or alteration as is desired, the company desir-

ing it may bring its suit in equity, and in such suit the court may, in

a proper case, decree that such, or any proper crossing or alteration may
be made, upon payment of damages to be ascertained as provided in

chapter 42 of the Code, and the company desiring such crossing or altera-

tion may thereupon proceed under said chapter to obtain the right to

make such crossing or alteration. If such crossing or alteration as is

allowed by this section shall cause damage to any company, or to the

owner of any lands, the railroad, turnpike, or canal company first men-
tioned shall pay such damages, but any county road may be altered by
any such company for the purpose aforesaid, whenever it shall have
made an equally convenient road in lieu thereof.

WISCONSIN.
Wisconsin statutes, section 1299I1, provide : Whenever any highway

crosses any railroad and the supervisors of the town, trustees of the

village or county board, in case of a county road, in which said high-

way and railroad are situated, shall deem it for the best interest of the

public that said highway shall be so constructed as to cross the railroad

above or below the grade thereof, and agreement can be made between
such supervisors, trustees or board and the owner or operator of such
railroad as to the manner of constructing such crossing and doing the

work necessary for its construction, they may contract together for

the same ; and such supervisors, trustees or board shall, after the execu-
tion of a contract thereof, assess upon the taxable property of the

village, town or county, as the case may be, at the time and in the

manner highway taxes are therein assessed, a tax sufficient to raise

the amount required to carry out such contract on its part, which tax
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shall be collected at the time and in the manner other taxes are, and
the money realized therefrom shall be set aside as a special fund to be
used in paying for the work according to the terms of the contract as

orders are drawn upon it by the proper authorities.

Chapter 376 of the Laws of Wisconsin for 1901 provides

:

Sec. 1. Whenever in any city of the first class, whether organized
under the provisions of the general law, or under a special charter,

there shall now or hereinafter be located railroad tracks which shall

cross the public streets or highways, the common council of such city

may erect, construct and maintain suitable viaducts so as to furnish
means of travel for the public, over and above such railroad tracks, and
whenever necessary, draw or lift bridges in connection with such
viaducts shall be provided, as well as suitable approaches and stairways
at both termini of said viaduct, and at such intermediate points as may
be necessary for safe and convenient access thereto.

Sec. 3. After such plan and detailed specifications for the work
of the construction of said viaduct, with an estimate of the cost
thereof, shall have been prepared and approved by said common
council, the said common council is hereby authorized to enter into
negotiations with any person, firm or corporation owning or operating
the railroad tracks over which such viaduct is to be constructed, for
the payment of such proportion of the expense of the construction of
said viaduct by such owners or operators of said railroad tracks as

may be agreed upon between said common council, and said owners
or operators. After said viaducts shall have been constructed the
expense of maintaining and keeping in repair that portion thereof
erected over such railroad tracks, and the right-of-way therefor, shall

forever be borne and defrayed by the owners or operators of said

railroad tracks.

Sec. 4. The said viaduct and approaches thereto shall forever
remain under the absolute control and management of said city, and
no exclusive rights, franchises, privileges or immunities shall ever be
granted over the same or any part thereof by said city to any person
or corporation whatever.

Sec. 6. .Nothing contained in this act' shall be construed to in any
way lessen, abridge or impair the right of said city to require or
compel the owners or operators of said railroad tracks to construct
and maintain at their own expense in said city, bridges, viaducts,

tunnels, or other conveniences at public railroad crossing or to in

any way amend, modify or repeal any provisions of law requiring

railroad companies to construct and maintain at their own expense in

said city such bridges, viaducts, tunnels or other conveniences at pub-

lic railroad crossings as the common council may deem necessary.

Under these enactments municipalities may share the burden of

carrying highways over railroad right-of-way, but without any im-

pairment of the right to require construction and maintenance of

bridges, tunnels, etc., at the sole expense of the railway company
where that course may seem proper to the governing bodies, or the

municipalities.

No legislation.

No legislation.

No legislation.

WYOMING.

DISTRICT OF COLUMBIA.

CANADA.



Appendix B.

THE BEST METHOD FOR DETERMINING THE SIZE OF
WATERWAYS.

In determining the waterway to be allowed for a given stream

crossing, the engineer after gathering his field data is confronted with

the question as to the character of flood flow to be provided for,

whether the ordinary or frequently recurring maximum or the ex-

traordinary flood, which is likely to occur not oftener than once in a

generation, or even longer. Should an investigation be undertaken very

soon after the occurrence of the extraordinary flood it may seem ad-

visable from a legal point of view to provide for the extreme maximum
flow because of the freshness of the evidence. While such liberal pro-

vision may be justified and even demanded in certain cases, it appears

to be the tendency of the higher court decisions in many states not to

require the railroads to make provision beyond the reasonable maximum
flood flow. However, in spite of this tendency of certain courts, many

damage claims of a minor sort are paid on threatened action or by com-

promise after action has begun. Viewing such costs as recurring ex-

pense, equivalent to interest on an invested sum of money, it is clearly

incumbent upon the engineer to give careful consideration to the ques-

tion as to what further initial expenditure on the permanent structure

would entirely eliminate such damage claims, or at least reduce them

to an unimportant item, precisely as he should consider any feature of

the structure which would affect the annual maintenance cost.

The following opinion with respect to the economic basis of cul-

verts was expressed by Wellington :*

While a structure, if built at all, should be well and solidly built, it

does not follow that because a certain proportion of the structures of a

line eventually wash out that they were therefore ill-designed. * * *

In a certain narrow and limited sense we may say that the natural end

of a culvert, and even of many bridges, is to perish in some excessive

flood. The exceptional storms which come but once or twice in a

century can hardly be fully provided for, for the reason that it is

difficult to build any large number of structures with such ample margin

of safety as to insure that many of them will not eventually wash out.

The foregoing opinion, as a whole, presents a policy which is

widely followed in best engineering practice, but, taken only in part,

the statement is likely to be misunderstood or misapplied by those who

'"Economic Theory of Railway Location" (18S7), pp. 781-783.

967
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are disposed to yield to the temptation to save in first cost by an im-

proper reduction in the size of the culvert. To make his position still

clearer, Wellington cited the then fresh instance of excessive floods in

the New England states as follows

:

For example, in 1886 there came some unusual storms which

chanced to fall most severely on some of the Boston roads, which are

about the oldest roads in the country, having been built from 40 to 50

years, and had rarely suffered much from floods and washouts here-

tofore. As a consequence structures were washed out in considerable

number (on the Old Colony there were 10 washouts), many of which

were "supposed to be strong enough to resist any current," and had

succeeded in doing so for half a century.

Such occurrences will and ought to make engineers cautious ; but

we may remember, on the other hand, that to have insured that these

structures should not have washed out, their original size and cost

would have had to be nearly if not quite doubled, and a simple com

putation in compound interest will show that had this been done in

the first instance the additional investment would have amounted at

6 per cent, to 19.50 times the actual first cost. It follows that in 1835

even a certainty of saving the cost of duplicating the original structure

in 1886 would have warranted barely 5 per cent, additional expendi-

ture. It is true that the bare cost of renewal does not cover the whole

loss, for there is a loss from delay and danger of accident incurred

by the washout in addition thereto; but, on the other hand, to guard

against all the contingencies which might arise in 1S86, it would have

been necessary in 1835 to have doubled the cost of all structures, since

all may be assumed to have been laid out with equal care, and it could

not have been foreseen which would be most tried thereafter.

All of which goes to show that when structures have been skillfully

laid out to stand the ordinary contingencies of 20 to 30 years, it is

about all that is either practicable or justifiable, and that the remark-

able storms which come only once or twice in a century are not, in fact,

and hardly can be, successfully guarded against. This is especially

true, because the worst effects of even the greatest storms are localized

within quite narrow limits. The New England storms referred to

were not by any means the worst for 50 years, except at a few spots.

But those structures which washed out chanced to be at those spots,

while the really greater storms which have washed out others in past

years did not chance to fall so severely on these.

A further notable instance of excessively severe floods, covering

a much larger territory than the New England storms of 1886, referred

to in the above quotation, is the western states' flood of May, 1903,

which produced its worst effects in Eastern Kansas and Nebraska. In

this flood railroad tracks located far beyond the reach of usual high

water encroachments were completely submerged and the efficiency of

waterways was much reduced by the prevalent drift.
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In contrast to the opinion above quoted, the following statement

by the late E. T. D. Myers, written some 20 years after he proposed

his well-known formula, is of especial interest :*

Upon a line already constructed and cared for by an intelligent

engineer, no formula can furnish so safe a guide or should take prece-

dence of his own observation and experience ; but neither with • a

formula, however wisely constructed, nor with informatiton based upon

the most careful observations over the period of a generation, can we
be assured that we have provided, so far as area goes, sufficiently

against cataclysms, against which it might be assumed that it is im-

possible to guard. While to a certain extent such an assumption may
be warranted, it must be remembered that great lines of aqueduct

to large cities must be proof against the extremest conditions to which

they are subject; and yet many of these aqueducts are exposed to the

vicissitudes of the weather equally with works like railways and canals

of navigation. A "washout" on a railway or a "break" in a canal is a

serious matter, but insignificant, of course, when compared with a

"water famine."

I think the engineers of aqueducts have, to a marvelous degree,

succeeded in so constructing them as to be safe against interruptions

from flood. Of course great care is bestowed upon the dimensions of

their drainage works, and that which under ordinary circumstances

might be considered extravagant, is in their case justifiable. Yet I am
not satisfied that it is to this cause alone, or even to this cause chiefly,

that their success is due. I am persuaded that it is rather in the

superior construction, the infinite painstaking to insure the safety of a

culvert when it ceases to be a mere channel and becomes a pipe dis-

charging under pressure. When this takes place the ordinary culvert

is too apt to fail to do its duty. Between the hastily constructed dry

stone box and the thoroughly built concrete, brick or stone culvert

there is room for a legion of catastrophes. I am not prepared to

argue that the construction of the less important works of the railway

should rank either in execution or cost with those of the Croton, or

the Washington, or the Baltimore aqueducts, for instance, but I am
nevertheless of the opinion that it is more often the crude method

of construction than the underestimation of the area of the waterway

that gives us trouble on the railroads. When a railroad embankment

is called upon to act as a dam, as it may be in great floods, it should

possess the qualities of a -dam, and the outlet from the piled-up waters

above it should possess the same integrity as the drainage culvert of a

reservoir. Its foundations should be as secure, its masonry as im-

pervious, the embankment immediately surrounding it as free of

voids, the inlets and outlets as carefully protected from abrasion.

In line with the foregoing conservative opinion, it is held by many
engineers that waterways should in all cases be made amply large

•See 1897 Proceedings, Assn, Ry. Supts. Bridges and Buildings
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to meet every contingency, erring always on the safe side. One high

authority* advises : "In every case be not afraid to make the water-

way too big, but cultivate and maintain a wholesome fear of making

it too small. Do not let present economy of construction close your

eyes to the probable losses, damage and expense from future disaster."

While the financial policy or limitations of a particular railroad may

prevent the adoption of such liberal basis, it is clearly the duty of

the engineer to insist upon making all structures as safe as prac-

ticable, all the governing conditions being considered. The relation of

the extraordinary flood to the safety of train operation and to the

question of damages for personal injuries was well shown by a

disastrous wreck which occurred some years ago on a trunk line in

the Middle West.t resulting in the death of sixteen persons and the

serious injury of about fifty others. In this case the water from a

small drainage area had been safely carried by a 3-ft. stone culvert

for a period of forty or more years. A cloudburst just preceding the

accident caused the water to rise 5 or 6 ft. above the top of the

culvert head wall and a whirlpool or eddy which formed in the back-

water basin scoured out the gravely soil of the embankment, under-

mining the track on the upstream side. The culvert itself was not

washed out, nor was the embankment completely destroyed. It was

believed that this accident would not have occurred had the opening

been large enough to avoid the necessity of operating under a head, or

had proper protection of the upstream slopes of the gravel embankment

been provided.

Determining Sice of Waterways.—The following comprehensive

statement relative to the several ways in general use for determining

the proper size of waterways was prepared by the late Walter G.

Berg:*

1. By personal observation and information collected on the ground

as to flood height, size of channel, openings in the vicinity carrying

the same stream, etc. This general information guides in the finrl

selection of the size of opening, but the actual determination is de-

pendent on practical experience and individual views. It might be said

that, in the main, this seems to be the most usual method, if it can

be designated as a method. It is, however, warranted and reliable in

flat sections of the country where the bed and contour of a stream

at flood times is known or well defined and the current more or less

sluggish at all times. It is further probably the best method to pursue

in thickly settled sections of the country where other openings on the

same watercourse are generally found within a very short distance

and satisfactory deductions can be formed from a study of these and

from information collected from parties familiar with the territory.

*See "Digest of Current Practice," discussion by Thos. H. Johnson, in this
Appendix.

fSee Engineering News, Vol. 46, p 1 (July 4, 1901).

:|See 1897 Proceedings, Assn. Ry. Supts. Bridges and Buildings.
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2. Drainage areas are prescribed for different sizes and kinds of

openings, the limits for each opening allowing variations to be made
according to the local conditions, topography, slopes, soil, rainfall, etc.

This method has many advantages if the table is prepared with refer-

ence to a specific section of the country, so that due allowance can

be made for the variable rainfall conditions and the prevailing regional

characteristics of the territory embraced. It does not eliminate, how-

ever, the personal equation in the question, especially as the range

of values in such a table necessarily has to be considerable. It will

serve to indicate, so to say, at a glance the general class of opening

required, but the final determination will be dependent on individual

judgment and a personal examination of the district.

3. Determination of the area to be drained and of the general

characteristics of the country, soil and stream, which information is

used in connection with an empirical formula giving the area of water-

way required, based upon the drainage area with variable coefficients to

suit the different conditions. In regard to this method it can be said

that the use of a "formula," even if an empirical one, casts a certain

amount of scientific glamor around the question that, in many cases,

may seem to enhance its value. As all such formulas have variable

coefficients, it is evident that individual views and personal examina-

tion of the characteristics of the watershed and stream will have to

govern largely in the final determination. Such formulas have the great

merit, however, of serving as a guide to determine quickly the general

range of the probable minimum, maximum and average values, and,

therefore, can be classed as practicable and serviceable, especially when

the range of the coefficients for the various climatic conditions has

been properly predetermined.

4. Careful surveys of drainage area, slopes, gradients and cross-

sections of stream, determination of velocity of flow by observations

or calculations, application of hydraulic formula to flow of water

through various shaped openings under different heads, at different

stages of the water height, determination of probable average and

maximum rainfall, the volume of water and the time within which

it will reach the opening, etc. ; from all of which information the

shape and size of the opening is determined so as to carry off the

•water quickly, and without scouring the bottom of the stream or injur-

ing the structure.

The Myers Formula.—Myers appears to have been the first Ameri-

can railroad engineer to propose the use of a formula as a guide in

fixing the size of waterways. In his formula*

Area of waterway in square feet =CV Drainage area in acres;

the coefficient C recommended was 1.6 in hilly compact ground; 1 in

comparatively flat ground; 4 in mountainous rocky country; and even

•See Cleeman's "Railroad Engineer's Practice," p. 41; also Railroad
Gazette and Engineering News, Sept., 1886.
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higher in exceptional cases. In discussing this coefficient, the author

recommends that it "should be derived from careful and judicious

gagings at characteristic points within the region under treatment

and applied by a liberal hand." It has been stated that Myers intended

that his formula should be applied only to minor openings, which

probably accounts for the fact that the results obtained by its use are

often found too small for the larger drainage areas. Inquiry shows

that the Myers formula is most used by railroad engineers in the New
England states and generally in the eastern part of the United States.

Shortly after the first publication of the Myers formula, Wellington

made a characteristic editorial comment* in discussing the use of

formulas for dimensioning waterways, from which the following ex-

tract is taken:

It is natural for fallible man to wish to reduce everything to rule,

even if it be only a rule of thumb. The responsibility of the individual

is much diminished if he have something of that kind to lean on,

and in so doubtful a matter as the proper size of culverts, this is

especially natural. It is well, however, to be certain that we are

not simply making a rule where there is no rule, and so laying the

foundation of future trouble, and we must confess to doubts as to

whether this is not the case with the various formulas for proportion-

ing the waterway for culverts When in addition the prob-

able variations in maximum rainfall and possible future changes in

the condition of the surfaces are considered, we cannot but regard the

proportioning of culverts by a formula as entirely futile. Even in the

much simpler, because more regular and determinable, problem of

proportioning the size of city sewers, many engineers claim that safety

can only be assured by comparison with experience with as many

similarly situated sewers as possible and then taking care not to over-

load the sewer after it is built; and with much reason. For culverts,

if we were called upon to suggest a formula, we could do no better

than this

:

Estimate the necessary area as carefully as possible by existing

evidences of maximum flow, which let equal A. Then will
SV 8 A equal

the proper area for the culvert. In more popular language : "Guess at

the proper size and double it." We apprehend that this formula will

give far more satisfactory and trustworthy results than that which

our correspondent quotes (Myers' formula), or any other which pur-

ports to be of general application to a problem subject to such ex-

tremely diverse conditions.

The seeming inconsistency between the very liberal "common-sense

rule" for dimensioning culverts quoted above and the basis outlined

in the previous quotation from the same high authority is probably

only apparent, for he doubtless meant to condemn the abuse rather

than the intelligent and proper use of waterway formulas and data.

Furthermore, it is safe to say that Wellington would have modified

*See Railroad Gazette (Editorial), Vol. IS, pp. 629-30 (Sept., 1SS6).
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the radical views expressed in the first paragraph of the foregoing

quotation in the light of the developments then in progress* toward a

more rational basis for the dimensioning of storm water sewers.

The Talbot Formula.—It appears, however, that these criticisms

of the Myers formula bore some fruit, for in the following year

(1887), Prof. A. N. Talbot first published! his well-known formula for

determining the waterway area of culverts, which has since been very

generally adopted, particularly in the West and in the southwestern

portion of the country. In deriving his formula Talbot made use of

the storm water run-off formula of the Swiss engineer, Burkli-Ziegler

(1880), introduced into American practice by Hering in 1881, as above

noted. The derivation of the Talbot formula is given in the follow-

ing quotation

:

Since by this formula (Burkli-Ziegler) the quantity discharged

per acre varies inversely as the one-fourth power of the area drained,

the volume of discharge from the whole area will vary as the area

to the three-fourths power; and assuming the same velocity through
the culvert as in the stream above, the opening will vary likewise.

This assumption will be true when the grade of the culvert is the

same as that of the stream above and when the smaller coefficient of

friction in the culvert over that of the channel itself is counteracted

by the resistance to entering the culvert. We may then write : a equal

to coefficient C times the acreage A to the three-fourths power, for

which expression the coefficient C must be determined. By comparison

with the formula of Burkli-Ziegler and with the flood of streams up
to several of 77 square miles area, I conclude that for rolling agricul-

tural cpuntry, subject to floods at time of melting snow, and with

the length of valley three or four times the width, one-third is the

proper value for C. In districts not affected by accumulated snow and
where the length of the valley is several times the width, one-fifth or

one-sixth, or even less, may be used. C should be increased for steep

side slopes, especially if the upper part of the valley has a much
greater fall than the channel at the culvert.

In any case, the judgment must be the main dependence, the

formula being a guide to it. On a road already constructed the C
may be determined by the character of surface along that line by com-
paring the formula with high-water mark of a known drainage area.

Experience and observation on similar watercourses is the most valu-

able guide. A knowledge of the action of streams in similar situations

in flood periods and of the effects of peculiar local formations and

slopes is of far more value than any extended formula.

*See "Report on Sewerage Works in Europe," by R. Hering, 1881. Re-
port National Board of Health, p. 119. (Also "Sewerage Systems " by R
Hering, Trans. Am. Soc. C. E., Vol. X, p. 361 [1881]). Also see "Determina-
tion of the Size of Sewers," by R. E. McMath, Trans. Am. Soc C E Vol
XVI, p. 179 (1887).

tSelected papers of the Civil Engineers' Club, University of Illinois
1887-8, pp. 14-17.



974 ROADWAY.

In a subsequent discussion of the matter of coefficients for use in

this formula Talbot proposed that "for steep and rocky ground, C
varies from two-thirds to unity." The accompanying diagram on

logarithmic scale paper gives values of waterway areas by the Talbot

formula up to 6,000 sq. ft., for acreage values up to 100,000 and for

values of the coefficient C ranging by tenths from 0.1 to 1.0.

In the article above referred 1o, Talbot makes the following sum-

mary of conditions which complicate the problem of deducing a

rational formula for culvert areas

:

1. The variation of rainfall in different localities.

2. Meagerness of rainfall data, since records are generally given as

so much per day and rarely per hour, while the duration of the severe

storm is not recorded.

3. The melting of snow with a heavy rain.

4. The permeability of the surface of the ground, depending upon

the kind of soil, condition of vegetation and cultivation, etc.

5. The degree of saturation of the ground and the amount of evapo-

ration.

6. The character and inclination of the surface to the point where

the water accumulates in the watercourse proper.

7. The inclination or slope of the watercourse to the point con-

sidered.

8. The shape of the area drained and the position of the feeders.

The importance of the last item will be seen in comparing a spoon-

shaped area where the main watercourse is fed by branches from both

sides so arranged that water from the whole area reaches the culvert

at the same time, with a long, narrow basin, in which before the water

from the upper part reaches the opening the rainfall from the lower

portion has been carried away and the severe part of the storm is

past.

The Dun Waterway Table.—By far the most extensive investiga-

tion of the subject of waterways for bridges and culverts ever under-

taken on any American railroad was that made by the late James
Dun, Chief Engineer of the Santa Fe System. These observations were

of a highly practical nature and made on a scientific basis throughout.

The watershed areas were determined with accuracy and observations

as to the nominal or required waterway areas carefully taken during

many years. The results of these observations covering the entire

mileage of the Santa Fe system are given in the accompanying table.

The following comment was made by Dun when this table was

first published* (1906) :

The accompanying table has been in use on the Santa Fe System

for the past 15 years for proportioning waterways. In general, we
have found this' table to be sufficient, and particularly up to drainage

areas of 5 square miles. In 1893, however, we noticed some floods

in Central Kansas which exceeded the tables from 200 to 300 per cent.

*See Journal Western Society of Engineers, Vol. XI, p. 146 (April, 1906).
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Also in the year 1905 we had a series of floods in the vicinity of Fort

Madison, Iowa, that far exceeded our tables. In one case, where the

drainage area is about 150 square miles, the area of waterway was

about 12,000 square feet, and the current was so swift as to scour, out

the stream to a depth of 40 feet. I believe, however, that these floods

are rare exceptions and. that it would not pay a railway company or

anvone else to undertake to orovide for them.
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to prevail from the minimum of o.oi square mite (6.4 acres) up to

the maximum of 6,500 square miles (4,160,000 acres). This general

relationship is discussed below.

Other Waterway Formulas.—Of the various other formulas for the

calculation of culvert areas which have been proposed, the most valuable

and rational are the so-called "runoff" formulas of the Burkli and

McMath type. The steps involved in the intelligent use of such

"rational" formulas are:

(1) The collection of physical data relating to the drainage basin

and locality, including the area and shape of basin above the culvert;

eyidences of flood; cross-section, gradient and other characteristics of

the stream channel; the slopes, soil, character of surface, and other

topographical features of basin; rainfall and other climatic elements,

such as probability of rains following heavy snowfall while ground is

frozen; and any other facts or conditions likely to assist the engineer

in forecasting the rates of delivery and passage of flood waters at the

point under consideration.

(2) The calculation by the runoff formula of the probable rate of

flood discharge to be provided for.

(3) The dimensioning of the waterway cross-section with reference

to the calculated discharge and the permissible or requisite velocity of

flow, involving consideration of the hydraulic features of the culvert,

.
protection against scour, etc.

While most engineers who employ formulas in determining culvert

areas seem to prefer the simple empirical type giving the area directly,

there is a growing tendency* to follow the more elaborate method above

outlined. The detail of the work is much simplified by the use of

diagrams both for the runoff formula and for the hydraulic features of

the culvert itself.t

Comparison of Formulas.—The logarithmic scale diagram of the

Dun data illustrates the exponent of the power of the acreage (square

miles in this diagram) term by the inclination of the tangent to the

curved locus. This exponent varies from unity for the very small values

to one-half for the largest drainage basins. Between these two extremes

are found the intervening values which tally with the exponent com-

monly employed in the waterway formulas in most general use, as indi-

cated by the following summary:

Formula. Exponent.
Peck formula (former Mo. Pac. Ry. practice) 1

Fanning %
McMath %
Hawksley, Burkli-Ziegler, Chamier, Talbot %
Tidewater Ry 0.70
Churchill -Wentworth, Cooley %
Myers, O'Connell %
Dun's waterway data (see diagram), from 1 to *&

•See "Digest of Current Practice" in this Appendix, discussions by
Atwood, Calvert, Campbell, Curd, Hanna, Johnson, Lahmer and Paret.

tSee diagram of the Burkli formula in discussion by Pence, and hy-
draulic diagrams by Alvord, in "Digest."
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Atchison, Topeka & Santa Fe Railway System (1906).

a



978 ROADWAY.

For a given value of the exponent a variable coefficient C merely

gives rise to a series of parallel straight lines, as shown in the diagram

of the Talbot formula submitted with this report and in 'the diagram

of the Burkli-Ziegler formula in the "Digest of Current" practice. In

the diagram of the Dun data it is of interest to note the somewhat
abrupt change of inclination at the watershed area of about 4 square

miles. Above this point the inclination remains almost exactly at one-

half up to the limit of the Dun data, the coefficient being 200.
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DIGEST OF CURRENT PRACTICE.

Important discussions or reviews of current practice with reference

to the methods of dimensioning waterways have heretofore appeared

in the published proceedings of two representative technical societies, viz.

:

(1) Proceedings of the Association of Railway Superintendents of

Bridges and Buildings, 1897. Report by a special committee, of which

the late Walter G. Berg was chairman.

(2) Journal of the Western Society of Engineers, Vol. XI, pp.

I37" I 90 (April, 1906). A series of papers and discussions by G. H.
Bremner, James Dun, J. W. Alvord, A. N. Talbot and others.

Your Committee, with a view to bring together a fund of fresh

information for the purposes of the present report, early in October,

1908, sent out to the members of the Association a circular of inquiry

covering the items enumerated below

:

ITEMS COVERED BY CIRCULAR OF INQUIRY.

(1) Please describe the method or methods employed by you in

determining the requisite area of waterway for bridges and culverts:

(a) Field observations and methods.

(b) Office work.

(c) If formulas are used, give basis and use of same fully.
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(d) Please supply copies of printed instructions, forms, diagrams,

tabulations, etc., relative to this subject or to the replacement of tem-

porary culverts and bridges by permanent structures.

(2) If you have made systematic measurements of drainage areas,

and also observed for a term of years the flow of flood water through

the corresponding waterway openings, please supply the results of these

observations.

(3) ^ y°u have developed or used a method or formula involving

such terms as rate or intensity of rainfall, runoff factor, slope of drain-

age basin, etc., please give full particulars, including examples from

actual practice, limitations of use, etc.

(4) In the final decision as to the waterways to be allowed under

varying local conditions, what account is taken of such items as the

following:

(a) Character of flood to be allowed for.

(b) The extraordinary or rare flood, as to legal status, economy

of construction, interruptions to traffic, etc.

(c) Operation of culvert under head.

(d) Excess or margin to be allowed for obstruction by drift, etc.

(e) Other features.

(5) Enumerate the different ways in which you have observed

culverts and bridges to suffer injury by the action of water or similar

cause, and give your experience and views as to the best means of

preventing such damage.

(6) Can you furnish any data from observation of the effect of

velocity of flow on different soils with respect to scouring or sedimen-

tation of channels?

(7) Give details of your practice in reference to design of culverts,

including blueprints or sketches illustrating special features:

(a) Protection against scour—paving, riprap, etc.

(b) Provision against clogging by drift—agricultural debris, tim-

ber, boulders, etc.

(c) Entry and outlet—Wing walls, aprons, etc.

(d) Channel—side walls, footings, paving, cross-walls, etc.

(e) Hydraulic conditions—entry and outlet; operating under head;

longitudinal gradient ; velocity of flow with reference to scour of various

soils ; velocity through culvert relative to that in stream above and
below opening, etc.

(f) Other features.

The information presented in the following "Digest of Current Prac-

tice," except as otherwise noted, is drawn from the responses to this

circular, the letters and numerals being given to identify the several

items with the series of inquiries.

1. J. W. Alvord (Consulting Engineer). See discussion on "Water-

way for Culverts and Bridges" in Journal Western Society of Engineers,
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Vol. XI, pp. 159-166 (April, 1906). The accompanying diagrams for

use in designing the hydraulic features of culverts are reproduced from

that discussion).
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+, . I 4 i-'-/l !.,..[., I') \,}\^\.t'At\^h\A'>}'^ir^4.
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Fig. 1.

2. J. A. Atwood (Chief Engineer, Pittsburg & Lake Erie R. R.) :

—

(1) (a) An angle line is run in the field (when information referred to

in (b) is not at hand) locating the watershed, determined by observa-

tion, that bounds the area to be drained by the proposed waterway.

(b) When topographic sheets published by the U. S. government

are obtainable, the watershed is readily determined by observation. A
pencil line locating the watershed is drawn on the sheet and the area

calculated with a planimeter.

(c) We use the Burkli-Ziegler and McMath formulas, as indi-

cated in the accompanying table.

3. G. H. Bremner (Engineer, Illinois District, Chicago, Burlington &
Quincy Ry.). (See valuable paper on "Waterway for Culverts and

Bridges," Journal Western Society of Engineers, Vol. XI, pp. 137-146

(April, 1906), in which are presented diagrams, data report forms, etc.,

illustrating the practice of the C, B. & Q. Ry. The following memo-
randum is drawn from a later discussion relative to the hydraulic effi-

ciency of pipe culverts.)
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A common way of laying culverts is to put the culvert in the bank

with the upper end about level with the bed of the stream and the

lower end nearly to the surface of the ground. Sometimes this gives a

fall, but not to a sufficient amount. The culvert should ordinarily be

laid in the bank and not in the bed of the stream, but the upper end

of the pipe should be as high above the bed of the stream as it is

safe to raise it, while the lower end should be below the bed of the

stream, say, 6 in. to 2 ft., depending upon the diameter of the pipe

and surrounding circumstances, thus getting as great a fall in the pipe

as is possible in each location. The accompanying sketch figures show

the right and wrong ways of laying the pipe. In some tests made

during the past few years we have had a chance to note the different

Incorrect Way of Laying Pipe.

r -v - ' J, "TTTr^r

Pipe Leve/

Correct Way of Laying Pipe.

effect of the two methods. With pipe laid level or nearly so, there is

a waterfall effect at the lower end which has a tendency in times of

flood to scour out a large hole at the base of the bank, and there have

been cases where our banks have been injured and also where we have

had to pay for damages to adjacent farm land, which would have been

avoided if the pipes had been properly laid. If laid with a steeper

slope than the bed of the stream, pipes and culverts will not clog up

so readily, but will better keep themselves scoured clean from debris

and sand, as there will be a greater velocity in the flow through the

pipe, and not the tendency to deposit material which we so often see

filling up our openings.
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We also can use smaller openings if pipes and culverts are given

the proper fall, for they will carry away the water much more rapidly.

Table Showing Comparative Discharge, 36-inch Pipe, 48 Feet Long. Cubic Feet per

Minute.
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(4) (a) (b) Allow for extraordinary floods, when the cost of

construction of the road, due to the additional size of waterway,

justifies it. The amount of business cuts a big figure in determining

the expenditure for immunity from extraordinary floods. Very often

the loss of business due to washouts of waterways exceeds by far

the loss due to the damage to the roadway.

(c) As a rule, do not compute size of culvert for running full

or under a head. If practicable, make the culvert section larger

from 50 to 100 per cent, than the formula calls for.

(d) In bridges where drift clears the abutments and piers, but

economy in construction of road might indicate low bridge, the

lower chords are placed high enough to clear the heaviest timber

that would be liable to reach structure. Where heavy drift reaches

from one support to another and the chances for washouts are good,

the bridge should be replaced with spans long and high enough to

clear drift at all times. Drift is prevented from obstructing culverts

by driving suitable posts or piles close and high enough at upper

end to catch and hold drift far enough from culvert to allow water

to flow unobstructed.

(5) Bridges have been injured and some destroyed by scour

due to heavy floods ; by heavy drift catching on pile bridges, de-

flecting current which scoured below foundation. Timber, dry stone,

masonry and pipe culverts have been injured and destroyed by

running under a head, having leaks at joints which allowed the water

to soften the earth, and in many cases the embankment was carried

away by this process. Improper or no aprons on lower end of cul-

verts often lead to injury and destruction by material being washed

from under the ends of the culvert. Ordinarily, washing off the ends

of bank at pile bridges can be prevented by using suitable riprap.

To prevent damage from these sources, build structures large enough

and amply protected, where otherwise they would be exposed to wear

from the floods.

(7) (a) Culverts should be provided with a bottom and other

protection at inlet and outlet, consisting of apron and cross-wall

or suitable bulkheads.

(b) Culverts that will not let the drift through without risk

of clogging, should be provided with a circular row of posts or piles

driven near enough together to catch the drift at the proper distance

above the inlet.

(c) It is desirable to have wingwalls, but on roads where addi-

tional tracks are to be built or grade raised, it is economical to

build straight walls, and after the final additional tracks have been

built to put suitable wingwalls at both walls.

5. T. E. Calvert (Chief Engineer, Chicago, Burlington & Quincy

Ry.) :— (1) (a) Areas of drainage are ascertained by actual sur-

veys, or estimated from reliable maps.
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(c) For areas up to 1,000 acres we use the McMath formula,

Q= 2.0625 V 15 M\ in which Q is discharge in cubic feet per second

and M the drainage area in acres. Velocity assumed 10 ft. per

second. This gives rather large opening, but in the West, where

the soil scours so easily, it is important that flow be not checked,

to avoid filling above opening with silt. This is the basis of our

main line openings. On unimportant lines it is at times decreased.

With steep drainage it is at times increased. For areas greater than

3,000M
1,000 acres we use the formula, Q= , where A is the drain-

3 + 2 y/A'

age area in square miles.

(d) We have no printed rules. Each case is considered on its

merits. Examine for evidence of high water on ground.

(2) In the Western country we have at times extraordinary

concentrated rainfalls, which will not be cared for by above formula,

but they are so rare we have assumed formula is sufficient, where

evidence on ground does not warrant greater opening.

(3) Have not developed such formula.

(4) (a) We rely on formula unless recorded high-water marks

indicate an extra large waterway is necessary.

(b) Lines where waterways as fixed appear to be small for

the conditions which arise, openings are enlarged if enlargement ap-

pears to be warranted.

(c) We aim not to have culverts operate under head, because

of tendency to thus check flow and deposit mud which fills up the

flood reservoir.

(d) We allow no excess margin for drift. Openings which

take maximum flood ordinarily take the drift which comes. Occa-

sionally, where drift troubles, posts are placed about the opening well

away from same, to catch drift, and so as not to obstruct waterway.

(5) With concrete culverts of our standard about the only

trouble has been the washing of the bank fronr about them. With

dry masonry, or disintegrated masonry, they cave in and are washed

out bodily. Good concrete of sufficient capacity ought to have no

troubles.

(6) All soils have a velocity at which water will begin to

carry them away, and deposit them ; the lighter the material the less

the needed velocity. Loose gravel or rocks in running water will

scour much faster in a given soil than where no rocks or gravel

occur. In our mountain streams having considerable fall and con-

sequently high velocity sufficient to carry large boulders and rocks,

cribs and walls of masonry are about the only things which will

resist the grinding action.

(7) (a) We put in solid concrete bottom and pave below to

prevent scour.
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(b) Where drift is apt to trouble we avoid partition walls as

much as practicable and plan to prevent drift which is apt to catch

in culvert from reaching it, by fencing, etc. If conditions are such

as to make timber drift troubles serious, the volume of water is

generally sufficient to demand a span large enough to pass such drift.

(c) In our practice wings are generally built for the inlet.

We aim not to plan for operation under head. Gradient through

culvert is made comparatively flat on upper half and as steep as

practicable in lower half to allow of center settlement. Scour is

prevented by paving.

6. J. L. Campbell, Chief Engineer, El Paso & South Western Rail-

way) :— (i) Under (a), we run traverse around the watershed line,

using transit and needle, and observe and record the facts covering

the topographical and soil conditions of the area drained.

Under (b) the results of (a) are mapped and recorded on one

sheet. i-=
8,000

Under (c) for the runoff, we use the formula, Q = i7\ —-—

.

/1

In this, Q is the maximum runoff per square mile of the drainage

area, and A is the total area in square miles. This is substantially

the formula worked up by Mr. Jos. P. Frizell from the records of

the flow over the Holyoke dam, Massachusetts, for a period of 50

years, and it appears in the original form in his book on hydraulic

power. In connection with the formula, and as a check on it, we
also use the waterway areas appearing on the enclosed slip. (Note:

The values in this table practically agree with the Dun table.) This

table, I believe, was compiled under the direction of Mr. James

Dunn, while he was Chief Engineer of the Santa Fe. From the

legend on the blueprints of arches herewith, it will be noted that

the application of this formula and the table to our conditions is

a matter for good judgment. (Note: The blueprints referred to

show the following tabular values with notes on same:)

Drainage Area
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(2) I built, altogether, about 400 concrete culverts in Missouri

of the design of culvert herewith, which we have adopted for the

Southwestern. In Missouri these culverts were proportioned to the

waterway literally according to the drainage areas specified on the

blueprint by applying the formula above given, except under high

rock banks, the full area was not always allowed. These culverts

have been in service for five years, and to the present time, as far

E. P. 6 S. W. Co Division

SURVEY OF SITUATION FOR
RENEWAL, OF BRIDGE

NO
Surveyed by on 190 .

Platted by on 190..

Resident Engineer

EifVnd •:.:-,' -j»', m.nimum of 400' »U»f

PROFILE ON CENTER LINE

as my knowledge goes, there has not been a washout or overflow at

any of them, although a good many of them in very high banks

have flowed under a head of several feet of water, as they were

expected to do in case of exceptionally heavy floods.

(3) This is included in (i) and (2) above.

(4) Under (a) and (b), we try to make provision for the ordi-

nary maximum flood that comes cnce in a few years. In our West-

ern country, where we have a good many cloudbursts on adjacent

steep and rocky mountain slopes, it is impracticable to make water-

ways large enough to carry such rushes of water, and we have to

submit to occasional overflows, although our line is generally fortu-

nately located with reference to floods and we do not suffer any great

damage therefrom.

Under (c), we make the culverts in high and stable embankments

smaller than those under low ones to cause them to discharge under

heads of several feet. This is done as a matter of economy on account

of the great length of culverts under high banks.

Under (d), we have very little drift, but the floods frequently

roll along a good deal of gravel and boulders, for which no provision

is made in the waterway.
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(5) In the case of culverts that occasionally run under pressure,

or large arches well filled, there is more or less cutting on the em-

bankment slopes behind the wingwalls on account of eddies. This

cutting is stopped by covering the slope with loose rock within the

limits of the action of the water.

(6) Have no data.

(7) I enclose herewith blue print showing our standard con-

crete structures recently revised and brought up to date. Ordinarily, it

will be found that vertical reinforcement is necessary in the side walls,

especially in such embankments as obtain in Missouri and Iowa, for

example, where lateral pressure is frequently very great. In the dry,

gritty embankment of the Southwest, the lateral thrust of the embank-

ment is comparatively small.

Under (a), we put a concrete floor in all arches not founded on

solid rock. The details of these structures indicate our way of meet-

ing the points raised in the specifications in this section.

Under ordinary conditions, we assume velocities from 7 to 10 ft.

per second for floods, and the velocity in culverts from 25 to 50 per

cent, in excess of that in the channel above or below.

7. Chas. S. Churchill (Chief Engineer, Norfolk & Western Ry.) :

—

(See discussion of "Slides and Washouts," Appendix C, where refer-

ence is made to formula for dimensioning waterways. See also dis-

cussion by C. C. Wentworth in this digest.)

8. W. C. Curd (Assistant Engineer, Missouri Pacific Ry.) :— (1)

(a) The first step toward arriving at the proper opening is an investi-

gation of conditions on the ground. The area of watershed must be

determined either by survey or by reference to accurate plats, and

data gathered with reference to the following questions:

(1) Name of stream, if any.

(2) Detail survey of present opening, if any; survey stationing

to be tied in with nearest mile post. Special attention should be given

to length of opening and fall of stream through same.

(3) Get a report of local high-water conditions in so far as resi-

dents are concerned. Distinguish between back water and direct flow.

(4) If adjoining property is overflowed, state to what extent and

whether any damage was done to land or crops.

(5) Was there any difference in elevation of high water on either

side of track?

(6) Are there any complaints or threatened litigation, any con-

tracts, deeds, ordinances or prior rights governing the location?

(7) Drainage area in acres, length and width of same and aver-

age per cent, of slope of hill to channel.

(8) Topographical features of drainage area, whether mountain-

ous, hilly, rolling or flat, and whether timbered, cultivated or pas-

tured land.
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(9) Character of soil on slopes and in valley. If timbered, is

there any tendency to cut it away from the slopes?

(10) Are there any indications of erosion or depositing of sedi-

ment, causing the channel or adjoining land to change from time to

time ?

(11) Take cross sections of channel about 500 ft. above and be-

low the opening, together with elevations of bed of stream and high-

water marks.

(12) What is the nature of the subsoil with reference to its

stability for a foundation?

It is my practice to have run out all drainage areas up to 5 or 6

square miles by stadia. I find this method very rapid in open country

and fairly so in timber. It is sufficiently accurate for all practical

purposes, and in cases of emergency the work can be carried on by an

instrument man with the assistance of a section hand. Elevations are

carried around the divide and sufficient side shots taken to locate the

angle of slope, area under cultivation or timbered, and any other fea-

tures affecting run off. Areas larger than 5 or 6 square miles are

obtained by the most convenient method at hand, the accuracy de-

pending upon the location and nature of the complaint. United States

Land Office maps can be used to good advantage where areas must

be taken from maps.

(b) Office work consists of platting notes to a convenient scale

and to a study of conditions as determined by the survey. Upon com-

pletion of studies all plats are filed for future reference in order that

actual performance of the opening in question may be checked.

(c) No one formula is relied upon in arriving at the proper open-

ing, but conclusions are checked in all possible ways. Where a proper

coefficient has been obtained for a certain locality, Talbot's formula

can be used with good results, but the principal difficulty in the use

*of this formula is the adoption of a proper value for the coefficient "C."

It covers so many important features that the formula must be used

with care. Where rainfall data can be secured, McMath's or the

Burkli-Ziegler formula can be used for runoff and the hydraulic

features of the opening considered.

(d) No standard instructions for making investigation are in

effect with this company, but the writer considers them of great value

in securing uniform methods and results.

(2) These systematic methods have not been in vogue with this

company long enough to permit me to check up the performance of

any particular waterway. However, this matter is being taken up and

data gathered. Mr. R. M. Peck, who was connected with this com-

pany some years ago, devised a formula as follows

:

A
W=—

c
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where W is the area of the waterway in square feet ; A the water-

shed in acres, and C a coefficient varying from 3 to 8.

This formula with others is given in the Parkhurst paper (Proc.

A. R. E. and M. W. Assn., Vol. 8, p. 314). I had occasion recently

to check one opening put in by this formula and found it gave a re-

sult about twice the size necessary to provide for storm water from

a paved area. This formula is not in use with this company now.

Fig. 1. Drainage Area for 3 ft. x 3 ft. Stone Box at Fredericktown,

Mo.
; 4 ft. x 3 ft. Concrete Box to be Added (Missouri Pacific

Railway).

(4) In the design of the culvert particular attention is paid to

whether or not the watershed is covered with timber which is likely

to be cut away or whether it may form a part of a town. In either of

these cases the opening is made sufficiently large to fulfill future con-

ditions. From opinions given us by our legal department we do not
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provide for the unusual floods occurring at irregular periods, as we

are not required by law to provide for anything other than the aver-

age. Exceptions are made in some cases, as stated above, for our own

safety during unusual floods and to prevent interruption to traffic. I

do not consider it good practice for a culvert to operate under head

and this is avoided wherever possible.

(d) Some excess is provided in all waterways, depending upon

the size and the local conditions, to guard against clogging by drift.

For instance, for a location near a field in cultivation, the opening, if

possible, is made broad to allow the passage of drift, which is invari-

ably carried to the opening during flood periods. We have not found

any satisfactory means of guarding against clogging except to make

all openings of sufficient size to permit a man to enter for cleaning if

they should become stopped up.

(5) Bridges and culverts when operating under head are fre-

quently washed out by seepage along the outside of the masonry or

back walls, which causes a softening of surrounding material. Culverts

are often damaged at the discharge end by high velocities scouring

out the foundations and by back cutting.

Another source of danger is whirlpools, which develop at high

stages of water and undermine the structure. These dangers can be

prevented by paving, riprapping, apron walls or other protection. It

may be of interest to cite a few actual cases which have occurred with

this company

:

The accompanying plat (Fig. 1) shows a drainage area at Freder-

icktown, in southeast Missouri. The situation was as follows: At the

time the road was built, about 30 years ago, the watershed was cov-

ered with timber and a 3x3-ft. stone box was ample for all purposes.

Since that time the town has spread out and the timber has been re-

moved. This increased the run-off to such extent that the water

backed up from the culvert and overflowed 2j/£ acres of ground 3 or

4 ft. deep. Talbot's formula with a 0.6 coefficient, which has been

found fairly correct for this locality, gave 21 sq. ft. as the proper open-

ing. Checking this by McMath's formula for run-off, and considering

the hydraulic features, the result was found to be about the same.

Another method used n checking was by data gathered relative to

the length of time area was overflowed after storm flow from area

ceased. All of these methods gave a close check and 21 sq. ft. was

adopted.

I also submit plat (Figs. 2 and 3) of drainage area of water

course through property of C. A. Winfrey, located in Western Missouri.

Conditions here were as follows: There were five openings, totaling

109 linear feet of trestle, under the track. Old residents stated water

flowed through these trestles during rainy periods about 2 ft. deep.
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This, then, would give 218 sq. ft. of actual waterway. A property

owner changed the course of this channel a few years ago and leveed

it, causing four of these bridges to fill up. The request then came

for more waterway. Talbot's formula for an area of 4,430 acres and

C=i gives 525 sq. ft. This country not being so open or so abrupt as

that at Fredericktown above mentioned, a coefficient of 0.4 was used,

Fig. 2. Drainage Area of Water Course Through Property of C. A.

Winfrey (Missouri Pacific Railway).

which gives 210 sq. ft. Considering the hydraulic features and the

available rainfall data, the number of square feet was found to be

about 200; however, 218 sq. ft. was adopted, since in an opening of

this size a few additional square feet would not add much to the cost.
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9. Garrett Davis (Superintendent, Chicago, Rock Island & Pacific

Ry.) :—Our practice has been that when the road was first constructed,

wooden structures would be used, with the expectation that the re-

quired area could be determined before the expiration of the life of

the structure. When we came to permanent work we were governed

by the highest water mark that was available. In the absence of that, for

small openings, we used the formula C into the square root of the

area in acres, C being a constant varying with the slope of the ground,

one for flat ground up to five for exceedingly hilly or steep slopes.

1
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(d) No special instructions are considered necessary.

(2) No systematic observations are kept, excepting' to get a record

of high-water marks in unusual floods.

(3) Nothing to record.

(4) All the features mentioned are considered.

(6) No data has been compiled.

(7) Plans on file with the Association.

(a) Riprap is used wherever it is needed.

(b) No special provision is made, unless in s-pecial cases.

(c) Curbs are used, and apron on lower side, if it appears to be

needed.

(d) All concrete culverts are paved. Curb walls are built at both

ends.

(e) Length between gradient is usually 1 per cent., but often is

made more where the bottom slopes.

DATA FOR CONCRETE ARCHES AND WATERWAY AREAS, 1908.

MISSOURI, KANSAS & TEXAS RAILWAY.
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TABLE OF AREAS DRAINED BY CULVERTS AND BRIDGES.

MISSISSIPPI RIVER A- BONNE TERRE RAILWAY.

TILE DRAINS.

9 inch Tile £ Acres
12
15
18
21
24

BOX CULVERTS.

2 ft. x 2 ft. Box 6 Acres
2 ft. x3 ft. Box 10 "

3 ft. x 3 ft. Box 20 "

3 ft. x 4 ft. Box 30 "
3 ft. x 5 ft. Box 40 "

ARCH CULVERTS.

4 ft.

6

10
10
12
12
14
14
16
16
18
18
20
20
22
22
24
24
26
26
28
28
30
30

arch, 4 ft. side walls 60 Acres
100

. 180

. 200
. 300
. 400
. 500
. 600
. 800
. 800
. 1 ,000
.1,000
.1,400
.1,400
. 1 ,800
.1,600
.2,100
. 2,000
. 2,600
.2,400
. 3,200
.2,800
.3,600
.3,200
.4,200
.3,600
.4,800

OPEN CULVERTS AND BRIDGES.

1 2 ft. span x
12
12
12
12
30
30

2 ft. deep.
4

10
4
6

80 Acres
200
380
560
800
750

1,300

OPEN CULVERTS AND BRIDGES.

30 ft.

30
30
30
40
40
40
40
40
40
40
50
50
50
50
50
50
50
60
60
60
60
60
60
60
75
75
75
75
75
75
75
100
100
100
100
100
100
100
100
100

span x 8 ft.

10
12
14
4
6
8
10
12
14
16
4
6
8
10
12
14
16
4
6
8

10
12
14
16
4
6
8

10
12
14
16
8
10
12
14
16
18
20
22
24

deep 2,000
2,700

. 3,600
"

4,400
"

. 1,000
"

. 1,800 "

. 3,000
"

. 4,200
"

. 5,500
"

. 7,000
"

. 8,600
"

. 1,300
"

. 2,400
"

. 4,000
"

. 5,600
"

. 7,600
"

10,200
"

.12,000
"

. 1,600
"

. 3,000
"

. 5,000
"

. 7,000
"

.10,000
"

.13,000
"

.16,000
"

. 2,000
"

. 4,000
"

. 6,600 "

. 9,200 "

.13,000
"

.16,500
"

.20,000
"

14 Sq. Miles
.18 " *•

.22 "

.26 " "

.30 "

.35 "

.40 " "

.45 "

.50 " "

TRESTLE OPENINGS.
(One Bent.)

15 ft. x 2 ft. deep 60 Acres
15 " 4 " 140

"

15 " 6 " 220
"

15 " 8 " 300 "

15 " 10 " 400 "

15 " 12 " 500 "

15 " 14 " 600 "

15 " 16 " 700 "

15 " 18 " 800 "

15 " 20 " 900 "

Notr.—Maximum velocity, 7 ft. per second.

12. John V. Hanna (Chief Engineer, Kansas City Terminal Rail-

way) :— (i) (a) Field observations consist of notes on height and area

of flood water, measurements of drainage area and approximate estimate

of slope of latter. Drainage areas have usually been obtained by rough

compass surveys, distances being obtained by pacing in most cases, al-

though transit surveys with chain measurements have occasionally been

made.
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(b) Office work consists of calculations 6f drainage area and de-

termination of size of culvert by use of table or formula.

(c) Have used Burkli-Ziegler in the form Q=acr 1/ . Have

also used a table called Dun's table.

(d) Have used no printed instructions.

(2) Have not made systematic measurements of drainage areas.

Have usually made an effort to collect data immediately following

heavy storms or floods.

(3) Have checked up the Burkli-Ziegler formula, given above, by

determining the coefficient necessary to give the area shown to be neces-

sary by actual floods. In my use of this formula the area of rainfall

has been taken as a fixed amount, 2 in. per hour, but the coefficient

"C" has been varied to suit conditions as surveys indicated the propriety

of doing so. Value of coefficient "C" has ranged from .50 to 1.5. The

run-off from long, narrow watersheds has proved to be less than that

from watersheds more nearly circular in shape, from which the water

would reach the culvert more nearly at the same time from different

parts of same. Have usually checked application of this formula by

comparison with Dun's table, mentioned above.

(4) (a) It has usually been my practice to allow for maximum
flood.

(c) Have figured on operation of culvert under head where the

character of ground to be overflowed by back water was such that no

harm would be done.

(d) Have not allowed any excess for obstruction.

(5) So far as my observation goes culverts have failed by cutting

out paving or by cutting around the outside of the structure, or by

overflow of the track, cutting the embankment away from the above.

The best remedy is to provide an opening of ample size. A breast wall

which protects against scour from lower end is useful and collars

around outside of small culverts are also useful.

(6) Can give no data.

(7) Am unable to furnish prints.

(a) Usually protect against scour by good paving and deep breast

walls at discharge end, also use riprap where conditions indicate its

necessity.

(b) Usually make no provisions against clogging by drift.

(c) Usua'ly construct wingwalls, making angle of 30 degrees with

axis of culvert.

(d) Footings, paving crosswalls, etc., depend largely upon char-

acter of material. This is determined by conditions in individual cases.

(e) Do not usually take hydraulic conditions into account. Figure

on operating under head only when this can be done without damage

to adjoining property. Figure on velocity through culvert, only with

reference to head and slope within culvert itself. Slope of culvert,

however, may be determined by slope of stream above and below.
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13. J. B. Jenkins (Assistant Engineer, Baltimore & Ohio Rail-

road) :— (1) (a) Get all available data as to extreme high water from

personal knowledge of residents and from traces of former floods ; try to

get '.his information at existing bridges or culverts, or at most con-

stricted portion of valley. Measure total cross-section of waterway at

extreme high water at bridge or other constricted portion. Measure

fall of stream.

(b) Plat cross-section and get area of same. If land is unim-

proved, calculate flow of water per second from cross-section and fall

of stream and calculate area of opening required to carry water at

six feet per second. If land would be damaged by back water, cal-

culate size of opening required without increasing the head. Find area

and character of watershed from United States Geological sheets and

calculate size and opening required by Talbot's formula.

(c) Use Talbot's formula. Use factor of 4-5 for mountainous, Yz

for hilly, l/2 for medium, 1/3 for rolling, 1-5 for flat ground, as applied

to Maryland, West Virginia, Pennsylvania and Ohio, except that factor

will be increased according to judgment in localities having abnormal

rainfall, and on account of shape of watershed facilitating discharge of

water, or in. case direction of flow of water is the same as the pre-

vailing direction of movement of summer storms.

(4) (a) I usually try to provide for the flood that may occur

once in twenty-five or thirty years, with some consideration as to in-

creased frequency and volume of floods due to destruction of forests.

Consider it safe to take the maximum known flood and add 20 per

cent., unless such flood was so exceptional in its nature that a repeti-

tion is not probable.

(d) Allow head room above required waterway for ice or drift-

wood.

(7) (b) and (c) Favor entry wings being built parallel to axis

of culvert, with large steps to catch driftwood and provide for entry

of water through and over driftwood, when character of growth on

watershed requires it.

14. Thos. H. Johnson (Consulting Engineer, Pennsylvania Lines) :—

There can be no short rule, of general app'ication, for the requisite area

of waterway for bridges and culverts. It depends on the area of the

watershed, the maximum precipitation in a given time, the average

slopes of the drainage area, and the -form of cross-section and super-

ficial material of the channel.

The area of the watershed can be determined from a good map of

the region; the maximum precipitation varies widely in different sec-

tions, and can only be ascertained from records covering a series of

years, which are not always available. The slopes of the drainage area

are matters of topography, and vary all the way from the steepest

mountain sides to the flattest prairie.
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Assuming that the above data is obtainable or can be approxi-

mately estimated, the rate of run-off may be computed by the Burkli-

Ziegler formula to find the volume of water reaching the site of the

bridge or culvert in a given time. Then find the required area to dis-

charge this volume as fast as it arrives, using for this purpose the

well-known Kutter formula.

The foregoing is the only reliable method for treating this prob-

lem scientifically. But in many instances some or all of the data will

not be obtainable. Then the only recourse will be to ascertain, as

reliably as possible, the height of the greatest floods, and use your best

judgment, guided by such past experience as you may have had. But

in every case be not afraid to make it too big, but cultivate and main-

tain a wholesome fear of making it too small. Do not let present

economy of construction close your eyes to the possible loss, damage

and expense from future disaster.

15. J. A. Lalnner (Prin. Asst. Engineer, Kansas City Southern

Ry.) :— (1) (a) We measure drainage area of all openings that are to be

renewed in present form. A transit line is run around drainage area,

enough angles being turned to run reasonably close to the divide.

The distance from the opening in the track to the head of the main

draw is measured along the draw, and the difference in elevation ob-

tained between the flow line at the track and at the head of the draw.

(b) Drainage areas are platted in the office and areas calculated,

such comparison being made as practicable between the drainage area

plat and the topography on the location map.

(c) We make the area of closed openings (pipes and box and

arch culverts) equal to a coefficient times the square root of the area

in acres multiplied by the cube root of the per cent, of grade of the

draw. The coefficient is for rainfall and varies as noted below.

In case of I-beams, girders or larger openings we depend on ex-

perience with temporary openings as to size. Whenever there is un-

usually high water at an opening we obtain elevation of high-water

mark and record same on profile for future use.

(2) We have made no attempt to measure flow of flood water

through openings for purpose of comparing same with the theoretical

amount which would be deduced from size of drainage area, slope, rain-

fall, etc.

(4) (c) The amount allowed for operation of culvert under head

is given below.

The formula given below, or a slight modification of the same, has

been in use on this road for seven or eight years and the results

have been very satisfactory.

Area of opening in sq. ft. = coefficient X V area in acres X

f rt. of fall in ft.
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Rainfall Coefficients.

M.P. o-ioo equals 1.25

M.P. 100-200 " 1.50

M.P. 200-300 " 175

M.P. 300-450 " 2.00

M.P. 450-600 " 2.25

M.P. 600-End " 2.50

For cast-iron pipe reduce area 25 per cent. Divide the area of

opening by the following when the water can rise "n" times the

diameter of the pipe above the top of the pipe

:

"n" "n"

1—1-72 0—4.36

2—2.23 10—4.58

3—2.64 11—4-79
4—3.00 12—499

5—3-31 I3—5-I9

6—3.60 I4—5-38

7—3-87 15—5-57

8—4.12

Areas of Pipes and Culverts.

18 in. pipe equals 1.77 sq. ft. 8 ft. arch equals 61.8 sq. ft.

24 in. pipe equals 3.14 sq. ft. 10 ft. arch equals 95.3 sq. ft.

30 in. pipe equals 4.91 sq. ft. 12 ft. arch equals 136.0 sq. ft.

36 in. pipe equals 7.07 sq. ft. 14 ft. arch equals 183.6 sq. ft.

42 in. pipe equals 9.61 sq. ft. 16 ft. arch equals 238.5 sq. ft.

48 in. pipe equals 12.57 sq. ft. 18 ft. arch equals 300.5 sq. ft.

60 in. pipe equals 19.64 sq. ft. 20 ft. arch equals 369.7 sq. ft.

72 in. pipe equals 28.27 sq. ft. 22 ft. arch equals 446.1 sq. ft.

6 ft. arch equals 35.5 sq. ft. 24 ft. arch equals 529.5 sq. ft.

16. J. R. Leighty (Engineer Maintenance of Way, Missouri Pacific

Ry.) :— (1) Both chain and sfadia measurements have been used to

determine drainage areas, very small areas usually being approximated.

(c) The following formula has been used with very good success:

Slope of 1 in 15, 1 sq. ft. of waterway will drain 4 acres.

Slope of 1 in 50, 1 sq. ft. of waterway will drain 5 acres.

Slope of 1 in 200, 1 sq. ft. of waterway will drain 6 acres.

Slope of 1 in 400, 1 sq. ft. of waterway will drain 7 acres.

The above figures will apply where drainage area is not over

2,000 acres. Waterways for large areas, say of 2,000 acres or more,

are determined by high-water marks, cross-sections being taken for

a distance of from 400 to 600 ft. above and below the track, as a

check on high-water marks. The steepness of slopes of watersheds,

a'so the character of the surface of ground, whether forested or

improved, is considered.
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(4) To prevent the accumulation of drift at small culverts, posts

can be set in the ground in a semicircular form around inlet end, on

which a few wires may be fastened to catch the drift.

17. C. F. Loweth (Engineer and Superintendent of Bridges and

Buildings, Chicago, Milwaukee & St. Paul Ry.) :—The instructions

issued 13 years ago by Mr. Onward Bates governing the preparation of

data for the renewing of bridges have been obsolete for some time,

although many of these instructions are still being adhered to. The

Bates instructions have been modified from time to time by circular let-

ters and by personal conferences of all our assistant engineers at various

meetings. The blank for drainage notes (Form B & B 170) submitted

herewith has been in use for some time. It is intended for the smaller

waterways, although frequently used for waterways where the drainage

area is many miles in extent. There is also submitted a blank form

(Form B & B 171) for high-water report, which we sometimes use

in making inquiry of section foremen, roadmasters, etc., as to high-

water data, although usually the assistant engineer or instrument man
who makes the survey aims to get this information by verbal inquiry.

18. Jos. O. Osgood (Chief Engineer, Central Railroad of New Jer-

sey) :— (1) In determining the area of waterway required for a proposed

culvert great importance is placed on results obtained from a study of

existing culverts or bridges on the same water course near the site of

the proposed culvert. In the section of the country through which this

company operates it is generally possible to find such openings and

collect reliable data regarding the elevation reached by the water during

floods. It is often found to be desirable in rebuilding pile or trestle

structures to replace them with openings affording much less water-

way. Generally these trestles were originally put in to save the ex-

pense of high embankments rather than to provide wide waterways.

Conversely in many cases, owing to improved streets and drains, the

run-off has been made more rapid and it has been necessary to in-

crease the size of culvert openings. In case there is no existing open-

ing on the stream near the site of a proposed culvert the area of the

watershed is determined from the United States Geological Maps,

State Maps or by survey, the maximum rate of rainfall for the region

is taken from the Weather Bureau reports, which are considered in

connection with the effect of melting snow, and all signs of high water

are carefully noted. By the use of Talbot's formula the area of the

waterway is determined. In this formula the constant C varies from

1-3 to 1, depending upon the nature of the drainage area; for example,

in the flat and generally wooded region in southern New Jersey C is

taken as 1-3 and in the steep and rocky region along our road in

Pennsylvania C is taken as 1.

(4) As before stated the country through which this company

operates is so well built up that a study of existing structures is the

best index of the allowance to be made for these items.
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Form 0. & B 170.

Chicago, Milwaukee & St. Paul Railway Co.
BRIDGE AND BUILDING DEPARTMENT.

1. Opening No

2. Location Mi

3. Present Structure

4. Height B. of R. to bottom of opening under center Line of Track

5. Js opening used as under crossing or cattle pass

6. Unobstructed waterway in square feet

DRAINAGE NOTES.

! Surveyed ...190

of Station.

7. Drainage area {total) in acres divided as follows:
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s
owe™,™. ->«.««« «*-«« m DRAINAGE AREA. scale

NOTES!
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SECTION OF OPENING.
Horizontal Scale .

Vertical Scale
NOTE:— II opening is a bridge, show section along center line ol track. II opening is a culvert, show section along center

line ol culvert. In all cases, show base ol rail and time table directions ol compass.

REMARKS:

Recommendation

. Ins't Man.

Recommendation

.

Eng"r of Masonry Cons' t

.

Ass't Engr.

Engineering Dep't

Division Sup't

Final Decision

.txVH A SurT B.
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INSTRUCTIONS IN REGARD TO DRAINAGE AREA SURVEYS.

In reporting drainage surveys, as complete and correct data must be given as can be obtained,

especially as to drainage area and high water, as these largely determine the final decision for per-

manent opening.

Wherever practicable, areas should be walked over, not only to trace the outline, but to determine

the general character of the soil, relative location of steep and flat portions and the presence of marshes,

sink holes, or other physical conditions which may affect the flow of water. Go around all areas not

exceeding ten square miles, using a compass to run the courses, and pace off the distances.

All areas should be plotted in the field to largest practicable scale and the last course should

check fairly close. Where the area is too large to conveniently walk or ride over, it may be approxi-

mated from township or county maps when obtainable, supplemented by inquiry from persons acquainted

with the topography of the country.

Information as to high water should be sought from people living in the vicinity, from section

foremen, roadmasters and chief carpenters, and must be checked as far as possible by personal observa-

tion as to drift wood or other high-water indications.

Where the opening during high water is discharging under a head, it is not correct to give the

high-water discharge as the cross sectional area of the opening. In such cases it is desirable, if possible,

to obtain a cross section of the high water at some distance above or below the opening not affected by

the backing up of water at opening under track.

Blanks will be furnished covering information required as to high water, which may be sent to

section foremen and others to be filled out. These blanks, however, should not be used except where
difficult to question informant in person. Information obtained on the ground is always of the most value.

It is generally desirable to get rid of openings under the track, even at some additional expense,

and Investigations therefore, should cover the practicability of ditching. As a rule, ditches and dykes

are undesirable, as in time they fill up and become obstructed with weeds, and they are especially

objectionable when located off of the right of way ; but if ditching seems advisable, report should show
whether additional right of way will be required ; or, if proposed to ditch on present right of way, whether

any Tiprapping will be necessary to protect bank or adjacent property. Also note effect ditch may have
on other openings in vicinity. The location and extent of ditch should be indicated on map and an
estimate of cost should accompany report.

Very often the opening is not located at the most desirable place for taking care of the water, and
if any change seems necessary, give reasons and show proposed location on the map, tied up to the

present opening, together with a section along the proposed center line.

In all cases the approximate elevation desired for bottom of opening at inlet and outlet for pro-

posed opening should be shown on the section. This information is necessary for determining length of

pipe and making out work order on District Carpenter for renewal.

On the plat of drainage area show the nearest mile post and also the nearest bridge or culvert east

and west of the one being investigated ; but if these are too for away to come within the limits of the

plat, the location may be indicated thus:

Z-200=2000
..————

Field books will be furnished to Assistant Engineers, with the pages conforming as nearly as may
be to the drainage area blanks. All the information should be entered in these books in the field and
afterwards transferred to the drainage area blanks NEATLY IN INK and forwarded to the Engineer
of Masonry Construction.

SCALE
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Form B & B. 171.

Chicago, Milwaukee & St. Paul Railway Co.
BRIDGE AND BUILDING DEPARTMENT.

HIGH WATER REPORT.

1. Opening No. Location Mi of..

2. Description of Opening ;

3. Did BACKWATER from adjacent stream BELOW ever reach this opening?

4. If so, to what height has it risen? (See note below)

5. Did HEADWATER from ABOVE ever back up over TOP ofopening when there was NO BACK-

WATER from below?

6. IF SO, to what height has it risen? (See note below)

7. IF NOT, how high does HEADWATER ever rise? (See note below) »

8. What was the date of this high water?

9. What size pipe or opening do you think necessary here? -

10. How long have you been familiar with this opening?

11. Remarks

:

(Signed) Date

NOTE—Id questions 4, 6 and 7, refer beightH to top of upstream opening, if a culvert; and to base of rail if pile or iron bridge.
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(5) The only serious injury tc bridges and culverts on this road

of recent date occurred in the winter of 1901-2 and was caused by a

very heavy rain falling on heavy melting snow, the high water causing

a number of dams along the Lehigh River to give way. The resulting

excessive flood carried away many bridges and undermined the piers

and abutments of others.

Occasionally cases of clogging of culverts by drift in times of

heavy rains occur in this vicinity, but have not recently caused serious

trouble.

(7) We have no culverts designed to operate under head.

19. M. P. Paret (Chief Engineer, Kansas City, Mexico & Orient

Ry.) :— (1) (a) Whenever practicable, the watershed is traversed and its

area computed. Observations are made to determine the high-water

mark, and this is confirmed by every means available, such as marks

on trees, deposited drift or other debris and the evidence of neighbor-

hood residents. The latter evidence, however, is given special weight

only when specific points are indicated to which the water rose during

a great freshet. When a stream may be observed during a flood period

the rate of flow is determined and its scouring action noted. The

relative superficial areas of the actual stream channel and the country

overflowed by dead water during freshets are noted. When possible,

information is obtained concerning the maximum rainfall during short

periods, and the waterway is designed to meet that condition without

reference to figures of yearly rainfall. The character of the bottom

is examined, both to determine the probable penetration for piles in

temporary work and the necessary depth of foundations for permanent

work. Whenever necessary, borings are made to solid rock and a

complete log is kept of the character of the material encountered. To
this information is added a complete description of other bridges on

the same stream, their location, age, apparent efficiency and any other

special features. All this information is compiled in a bridge record

book.

(b) The larger drainage areas are computed in the office from

maps, and the information is added to that obtained in the field. After

a study of the data so obtained, together with the plan and profile, the

character of the proposed structure is then determined upon.

(c) The following formula is used:

A= drainage area in acres.

a= area of waterway in square feet.

C= constant, depending upon the character of drainage area and

amount of maximum rainfall. It is taken to vary from 1 in rocky coun-

try, with steep slopes and high maximum rainfall, to 1-5 in very smooth

prairie, with small maximum rainfall and relatively long drainage area.

For drainage areas up to 8 square miles, a= CA%.
For drainage areas greater than 8 square miles, a= 8CA%.
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This formula is used only as a guide in determining upon the

actual size of the waterway to be provided, in supplementing or cor-

roborating the judgment of the field engineer. Its principal value is in

correlating data concerning the character and sizes of a large number

of drainage areas with their necessary areas of waterway.

(4) (a) In smaller streams the openings provided are designed

to be sufficient to carry off the water under extreme conditions, but

not necessarily large enough to provide for cloudbursts. To provide

a waterway sufficient for cloudbursts in the drainage areas of all

smaller streams would greatly increase the cost of the openings, and, in

most instances, uselessly. It is considered to be more economical to re-

pair the damage done by cloudbursts, in the rare instances in which

they occur, than to adopt the extreme measure of building all smaller

openings large enough to carry off the water. In larger openings,

however, the effect of cloudbursts is proportionately much smaller and

should be provided for in the design of the structure.

(b) Larger structures, such as large arches, bridges, etc., are de-

signed to provide sufficient waterway to carry off the water under the

most extreme known flood conditions without damage to the structure.

When the proposed opening would choke the waterway to an extent

that would increase the flooded area during a freshet and cause damage

to crops, an attempt is made to minimize the possibility of such dam-

age by increasing the size of the proposed opening.

Stone, concrete and reinforced concrete are used, depending upon

their relative economy at the site of the structure. The lengths of

spans in steel bridges is determined by the rule that, other things

being equal, the cost of the substructure shall equal the cost of the

superstructure (not including the cost of the deck)
;

preference being

given to deck plate-girder construction.

(c) The operation of a culvert under head is avoided whenever
possible. When necessary, the headwalls and wings should be carried

above the extreme high-water level, and the adjoining embankment
protected with riprap. The paving at the downstream end, where the

greatest liability of damage occurs, should be extended beyond the

point where the velocity of flow will not be great enough to subject

it to injury.

(d) The margin to be provided to prevent obstruction by drift

will depend upon local conditions, such as the character of the drift

and the necessary size of the opening to carry off the water.

(5) Culverts and bridges suffer injury from the following causes:

(1) Most prolific, clogging of opening by drift, etc.

(2) Poor design, resulting in a structure too weak to sustain

the loads.

(3) Poor and dishonest workmanship and poor materials.

(4) Bad foundation, insufficient bearing area on foundation,

and insufficient depth of footing.
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(5) Undermining and scouring of foundation, due to lack

of proper protection, such as pavement, riprap, etc.

(6) Insufficient waterway, causing the adjoining embankment

to wash away and wrecking the structure.

(7) Improper drainage of adjoining embankment, causing un-

due pressure against walls.

The method of providing against such deficiencies is indicated by

their definitions.

(6) We have no general data concerning the relation between

scouring or sedimentation and the velocity of flow on different soils.

It is our practice to study each stream, observing the effect of other

obstructions in the same stream, and from these observations to de-

termine the probable effect upon the proposed structure.

(7) (a) The side walls should be carried below the possibility

of scour or supported upon poles in such a manner that the safety of

the structure will not be endangered should the tops of the poles be

exposed. In reinforced concrete culverts a complete floor with an

apron at each end is an economical pavement, besides adding additional

bearing area on the foundation. This company frequently uses struts

spaced at intervals of 6 to 8 ft., the spaces being filled with large

stone. A concrete paving is frequently used in stone culverts, or the

surface of hand-laid riprap grouted with cement mortar. Paving stones

laid vertical or inclined at 30 degrees down-stream are frequently used.

Hand-laid riprap is frequently used about the wingwalls of culverts and

abutments.

(b) No special provision is made against clogging by drift in the

design of culverts. In pile trestle work, where drift occurs, a fender

pile, with a batter of about 4 in. per ft., is driven at the up-stream

end of each bent and about 10 ft. from same. The whole bent, in-

cluding fender pile, is boxed in as low down as conditions will permit.

(c) The wingwalls at both ends are usually flared at an angle

of 30 degrees with the center line, the top following the slope of the

embankment. The parapet walls are raised several feet above the top

or crown and the wings projected from the top of the parapet. This

practice reduces the length of the barrel and furnishes a greater area

of masonry protection for the embankment. The pavement is carried

out to the ends of the wingwalls, except in the case of rock bottom,

when it is dispensed with, or in the case of rapid-flowing streams where

the danger of scour is great, when it is extended beyond the wings.

(d) In reinforced concrete culverts, the sidewalls are designed to

sustain the vertical load transferred from the arch or cover, the

horizontal outward thrust from the arch and the horizontal inward

thrust from the embankment, and the reinforcement placed to resist

these stresses. Stone masonry sidewalls are sometimes used with re-

inforced concrete flat tops, in which case the sidewalls are of the dimen-

sions ordinarily used in stone culverts. In reinforced concrete culverts
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the footing is widened so as not to exceed the safe unit load on the

foundation, and if necessary is reinforced on the bottom to insure

proper transmission of the load to the sidewalls. The footings of stone

masonry sidewalls are stepped 6 in. horizontally to 12 in. vertically to

transmit the same unit load.

20. W. D. Pence (Professor of Railway Engineering, University of

Wisconsin) :—The forerunner of the remarkable waterway table, pub-

lished in 1906 by the late James Dun, Chief Engineer of the Santa Fe

System, was a drainage table of somewhat less range issued in 1897

in blueprint form. In 1902 I plotted the data given in the 1897 table

on logarithmic cross-section paper with the results shown in the ac-

companying diagram, Fig. 1.

Diagram of Waterway Areas,

ARCH and BOX CULVERTS.

Prepared From The lo" /

DRAINAGE TABLES

o C> 000 O

Square Miles.

above formula, a = ZOOM?, with

inaae area, M, in square mifes,

practically equivalent to a = 0-8A^,

iou> 00 /I being acreage of drainage orea*

Drainage Area, M, Square Miles.

For watershed areas from 10 miles up to 1,000 square miles the

points are represented almost exactly by the equation (the actual in-

clination of the line as shown being 0.51) :

a= 200 MV2 ( 1

)

Below 10 square miles the diagram shows two lines, one solid, the

other broken, both passing through the point (1 square mile, 100 sq.

ft.) ; the solid line exactly representing the points from 0.1 to 10 square

miles ; the broken line drawn at the inclination of 24. The equation of

the broken line is

a= iooM% (2)

and that of the solid line (almost exactly)

a= 100 Mb (3)
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The values of the exponents in these two equations at once sug-

gest the "runoff" formulas proposed by the Swiss engineer, Burkli-

Ziegler, in 1880, and by McMath in 1887, to which reference is made
in the body of the Committee report in this Appendix. For con-

venience of reference, these runoff formulas are here reproduced. The
Burkli-Ziegler formula:

MS
Q= cr\- (4)a

and Q = q A= c r A Y- = c r S^ A% U)b

The MaMath formula:

q = cr"\— (S)a

andQ= crA J-=cr Si Ai (5)b

where

q= water reaching outlet of drainage basin in cubic feet per

second per acre.

Q= total discharge at outlet in cubic feet per second.

c= runoff coefficient or ratio, depending on the nature of the

surface.

r= rainfall rate, cubic feet per second per acre (equivalent to

inches per hour) during period of heaviest rainfall.

S= general slope of drainage area per 1,000.

A= area drained in acres.

The accompanying logarithmic diagram* of the Burkli formula,

showing separate lines for various slopes, running from 10 up to 50 ft.

per 1,000, greatly facilitates the practical application of the formula.

The notes accompanying this diagram give suggested values for the co-

efficients c and r for varying conditions. In important cases it is de-

sirable that the rate or intensity of the rainfall be determined from

local observations, and even where records of such are to be had, it is

also good practice to forecast the probable "rare" and "ordinary maxi-

mum" rates of downpour, which many engineers do by means of the

formulas derived by Talbotf (1891) from studies of the rainfall data

accumulated by the government weather bureau. These studies showed

Form of diagram devised (1S9S) by C. V. Seastone for storm water
sewer design.

tSee "Rates of Rainfall," by Talbot; the Technograph, 1S91-92, p. 103

(Abstract in Engineering News, Vol. XXVUI, p. 67, July, 1892). See
Turneaure & Russell's "Public Water Supplies" (1907), p. 49.
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that quite uniformly throughout the United States the rate of rare

maximum rainfall is

6.0

y=
x + .5

Diagram of Storm Water Flow.
By Burklis Formula, Q =crS*A*
(In the Diagram, c=/, r=/J

Choose values of c and r for the district to be drained,
and multiply Q obtained from diagram by cr. See
note below diagram for suggested values of c and r.

i\naqe Area, A, Acres

N OTE. The original Burkli-Iiegler formula (R. tiering m'Report on Sewerage Works
in Europe" to National Board ofHealth, 1881, pJI9J gave the unit discharge per acre

q= er V]f >
fron> which, the total discharge becomes <?= crA^Jl. =crS'A*

Where g-!Vater reaching sewer (or drainage outlet) in cubic feet per secondper acre
Q- Total discharge at outlet in cubic feet per second.
c — Coefficient ranging from .31 to . 75, depending on the nature of the surface;

the higher value for paved streets and roofs; the /otter one for rural
sections of suburbs; average recommended .62.

r ** Rainfall rate, cubic feet per secondper acre (equivalent to inches per hour)
during period of heaviest fall. (See suggested values below)

S = General slope of drainage area per 1000.
A = Area drained in acres.

(In the original formula these terms were expressed in metric units)

SUGGESTED VALUES FOR c AND r (SEE DIAGRAM .)

For large and ivell built up cities; similar districts insmeller cities: c =0.75; r=3.5S
Suburbs, allpaved, graded lawns, etc.; business portion,smal/er cities: c—0.60; r= 2.0-4
Residence portion of small cities, partially paved: c = 0.40- O.SO; r=/S—3.0.
Country towns, streets partially paved, and where it is permissible to let flood water

of unusual storms stand for a time: c = 030~OSO; r = /0~2.0.
Rural districts: c = O.2O~0.30; r = 1.5-3.0. We/I kept parks: c = 0.60; r=20-30.

and for the ordinary maximum rate

1-75

x +.25

where y is the rate of rainfall in inches per hour for the time x ex-

pressed in hours.
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In the Burkli and McMath formulas this rate is taken in inches

per hour "during the period of greatest intensity of rain," which period

is usually not definitely known. Chamier* prescribes "the average rate

of greatest rainfall anticipated, in inches per hour, for such duration

as will allow of the flood water flowing to the outlet from the farthest

extremity of the catchment area."

The run-off coefficient or percentage is determined with reference

to the character of surface, and careful consideration should be given

to possible future changes in this ratio, due to the construction of

buildings, paving, etc. The "coefficients of surface-discharge" recom-

mended by Chamier are given below

:

For flat country, sandy soil or cultivated land 0.25 to 0.35

For meadows and gentle declivities, absorbent ground 0.35 to 0.45

For wooded hill-slopes and compact or stony ground 0.45 to 0.55

For mountainous and rocky country or non-absorbent surfaces.0.55 to 0.65

The runoff coefficients recommended by Burkli-Ziegler, as given

by Hering, "range from 0.31 to 0.75, depending on the nature of the

surface ; the higher value for paved streets and roofs, the lower one

for rural sections of suburbs ; average recommended 0.62."

Tiefenbacherl" gives the following runoff ratios:

For cultivated land 0.30 to 0.33

For wooded, hilly slopes 0.35 to 0.45

For naked, unfissured mountains 0.55 to 0.60

After determining the discharge or runoff to be provided for, con-

sideration is given to the permissible velocity with reference to the

stability or permanence of the channel. The following tablet of the

"greatest velocities of the current close to the bed consistent with the

stability of various materials," as observed by DuBuat, suggests a basis

for determining the use of paving, cross-walls, and other protective

measures in culvert construction

:

Material in Stream Bed.

Soft clay
Fine sand
Coarse sand, and gravel as large as peas
Gravel as large as French beans
Gravel 1 in. in diameter
Pebbles 1£ in. diameter
Heavy shingle
Soft rock, brick, earthenware
Rock, various kinds

Bottom Velocity.

0.25 ft. per second.
0.50 " "

0.70 " "

1.00 " "

2.25 " "

3.33 " "

4.00 " "

4.50 " "

6 00 " " and upwards.

Field observations of velocities will usually be made by surface

floats, and the above figures may be converted into usable form by

noting that in ordinary cases the least, mean and greatest velocities

are roughly in the ratio of 3 :4 :5 ; with very slow currents this ratio

*Proc. Inst. C. E., Vol. CXXXIV, pp. 313-323 (March, 1898).
tEncyc. Brit.. "Hydromechanics," Vol. XII, p. 502.
JRankine's "Civil Engineering-" (1880), p. 708.
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is approximately 2:3:4. The following further table of velocities, which

should not be exceeded in channels, is given in the "Ingenieurs Taschen-

buch."

•Materials.
Velocity, Ft. Per Second.

Surface. Mean. Bottom.

1. Slimy earth
2. Clay
3. Firm sand
4. Pebbly bed
5. Boulder bed
6. Conglomerate of slaty fragments
7. Stratified rocks
8. Hard rocks

0.49
0.98
1 .97
4.00
5.00
7.28
8.00
14.00

0.36
0.75
1.51
3.15
4.03
6.10
7.45

12.15

0.26
0.52
1.02
2.30
3.08
4.90
6.00
10.36

According to Le Conte* the erosive power of flowing water or its

power to overcome the cohesion of the stream bed and banks varies

as the square of the velocity, while "the transporting power of a cur-

rent, or the weight of the largest fragment it can carry, varies as the

sixth power of the velocity;" and he suggests that "in many cases of

removal of slightly cohering material the resistance is a mixture of

these two resistances, and the power of removing material will vary at

some rate between the second and sixth powers of the velocity."' It

is found by actual observation! that "loose gravel or rocks in running

water will scour much faster in a given soil than where no rocks or

gravel occur; and in mountain streams having considerable fall and

consequently high velocity, sufficient to carry large boulders and rocks,

cribs and walis of masonry are about the only thing which will resist

the grinding action."

A further analysis of the Santa Fe waterway figures of 1897

shows that the area provided in the case of cast-iron pipe cul-

verts are less than the "nominal" waterway values given in the table,

probably because of the superior hydraulic conditions of pipe culverts

and because such culverts are frequently operated under a head. With

box culverts the areas computed from the tabulated dimensions closely

accord with the nominal waterway areas. In the tabulated designs of

arches with bench walls the areas are in excess of the nominal figures,

the excess ranging from 17 to 31 per cent, in the 1897 table.

An examination of the later Dun data (1906), plotted in the

diagram given in the Committee report, shows some slight changes,

tending to increase some waterway values, chiefly between 1 and 10

square miles. The most important single conclusion to be drawn from

this later diagram is the general relationship existing between the

various formulas in general use, as indicated by the varying inclination

of the curve.

21. W. H. Petersen (Bridge Engineer, Chicago, Rock Island &
Pacific Ry.) :— (1) (a) We take the drainage area and also obtain the

""'Elements of Geology" (1896), pp. 11, 12, 1S-20.
tS"e discussion by T. E. Calvert, "Digest of Current Practice."



ROADWAY. 1015

high water. We may have records ourselves of extreme high waters or

obtain it from old employes.

(b) Office work consists in providing openings large enough to

take care of extreme high water or the high water indicated by the

drainage table.

(c) We are using what is known as Dun's tables. These tables

have been taken from actual conditions and in the territory that we
traverse, which is similar to the Santa Fe, we find that these tables will

fit the conditions closer than any other tables that have been issued.

Where we have known high waters which are larger than this table, we
provide an opening which would take care of the water at the extreme

high water.

(2) and (3) Have been answered in No. 1.

(4) (a) In providing openings we allow for the extreme high

water, and in case of a running stream we place the clearance line of

the steel work 3 ft. above extreme high water.

(c) We provide opening enough under ordinary conditions to

take care of all the water without the culvert's being placed under head.

Where the soil is cultivated we are subject to damage suits on account

of overflow if we back up the water. Quite frequently in a sandy soil

when the pressure is placed upon the embankment it will find a hole

made by some animal and the result will be a washout.

(d) For culverts we provide area of opening enough to take care

of the drainage and no more. (See (a) above.)

(5) Pipe culverts are frequently washed out by the water falling

from the lower end of the pipe, causing a hole, and when the hole is

deep enough one length of pipe will slide into it and the water will

continue cutting until sometimes it will cut the hole through the em-

bankment.

In stone boxes and arches that are not paved or where the paving

has not been grouted, the extreme high water will tear out the paving,

and scour to the bottom of the foundation of the structure, gradually

undermine the structure until a washout results. We have had a great

many washouts which have occurred in this manner.

Abutments will frequently wash out in sandy soil by the water scour-

ing a hole in front of the abutment and a few feet below the founda-

tion, when the pressure of the earth back of the abutment will crowd

it forward into the stteam. Even where piling is used for the founda-

tion of the abutment the scour will go deep enough until the pressure

back of the abutment will push it forward.

(6) No.

22. C. L. Ransom (Resident Engineer, Chicago & Northwestern

Ry.) :—I enclose you small blueprint showing the formula which we have

been using for the past ten years in determining areas of permanent

structures to be used. During this time, we have had extremely heavy

rains in most of our territory, and wherever the openings have been put

in on this formula we have never had any trouble. I am inclined to think
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that the formula gives results which are larger than actually necessary,

but I believe that this is a good fault. We always make a systematic

measurement of drainage area in the field before deciding on the size

of culvert to be put in. We pay no attention to the operation of a

culvert under head, as this necessitates backing up water and is liable

to cause comp'aint of adjacent land owners. We do not allow any ex-

cess for obstruction by drift, etc., as our section men have instructions

to clean out the culverts after every storm. We find some of the older

culverts which were not put in by using this formula have very heavy

discharge and consequently are continuously cutting out at the lower

end and we have had to put in heavy masonry spillways in many cases

to prevent this. We always provide all of our culverts 24 in. and

over with masonry end walls.

23. O. E. Selby (Engineer of Bridges and Structures, Cleveland,

Cincinnati, Chicago & St. Louis Ry.) :— (1) Requisite area of waterway

for bridges and culverts is usually determined by field observations and an

examination of existing structures. Only in particular cases is area of

watershed measured and the size of opening determined therefrom.

(2) We have no systematic measurements of drainage areas coupled

with observation of the flow of flood water through corresponding

waterway openings.

(3) In the few cases where the area of waterway is determined

by formula, we have used the formula : Area of waterway equals a

constant multiplied by the 24 power of the number of acres drained.

The constant varies from 0.5 to 1.0, depending on the character of the

land; the higher constant being used for hilly country. This formula

where applied has been found to be ample and satisfactory.

(4) We try to proportion culverts for the maximum flood shown

in the history of the waterway. In cases where no damage to abut-

ting property or to the roadbed will occur from backing up of the

water, advantage is taken of the fact that the culvert will discharge

more water when operated under head. No excess area is provided on

account of obstructions by drift, but steps are taken to keep the drift

from obstructing the mouth of the culvert.

(5) The most common cause of injury to culverts by the action

of water is, of course, by undermining the foundations. The greatest

scouring action occurs at the points where the up-stream wings join

the culvert and at the extreme down-stream end of the culvert. The

last-mentioned scouring occurs where the culvert is too small and dis-

charges under head. The most effective means of preventing under-

mining by reason of scour, aside from deep foundations, are sunk walls

at the up-stream and down-stream ends of the culvert and by paving.

Sunk walls will usually be effective, but in extreme cases it is neces-

sary to pave the bottom of the culvert.

(6) I have no definite data in regard to the effect of velocity of

flow on different soils.
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(7) (a) Scouring is protected against by paving and sunk walls,

as explained above. Riprap is used after the scour has occurred more

often than before.

(b) A row of timbers or piles set in the bed of the stream at a

distance above the up-stream end, about equal to the width of tho cul-

vert, is effective in stopping drift and agricultural debris.

(c) Wingwalls should be flared if practicable, both up-stream and

down, but especially at the up-stream end. Aprons are effective in pre-

venting scour and come in the same class with sunk walls.

24. W. B. Storey, Jr. (Chief Engineer, Santa Fe System) :—Refers

to the discussion by James Dun regarding waterways, before the Western

Society of Engineers. (Journ. Wes. Soc. Engrs., Vol. XI, pp. 137-190,

April, 1906.)

25. John G. Sullivan (Assistant Chief Engineer, Canadian Pacific

Ry.) :—After one has actua'ly seen seven or eight inches of rainfall in

less than twelve hours, and on account of the saturated condition of the

ground, less than 25 per cent, of this would soak in the ground, he

loses confidence in formulas that would give the size of openings, for

the reason that to meet such conditions would be anything but economi-

cal for any railroad.

In the earlier days, when railroads were being built rapidly and

pushed through sparsely settled countries, where little or no data /or

any length of time could be obtained, formulas taking into account

assumed rainfalls, area, grades, and runoff very probably were of con-

siderable use, but in some twenty-odd years of experience I am con-

vinced that the best method of determining the size of waterways is to

get what information can be had regarding high-water marks, examina-

tion of size of openings above and below your proposed opening on

other highways or railroads and build accordingly. I do not mean by

this, of course, as is very often done, that one should follow blindly

the examples set by our predecessors, but, as I said before, my idea

is to study intelligently the local conditions and evidence rather than to

depend upon given formulas.

26. I. O. Walker and W. H. Whorey (Assistant Engineers, Nash-
ville, Chattanooga & St. Louis Ry.) :— (1) (a) Field Observations and

Methods.—The field observations are made with a stadia instrument and

compass. A stadia line is run around the basin to be drained wherever

possible. This work is done in the winter time to avoid damage to

crops and to be able to work through the woods without hindrance

from leaves and undergrowth. General'y some intelligent resident of the

neighborhood is secured to go with the party, as such a man can often

point out divides which would not be apparent to the surveying party

without considerable work. The stadia rod used is divided so that

one interval on the rod corresponds to ten yards. • Smaller divisions

could not be read clearly more than 600 to 800 ft. The stadia rod

described can be read up to 1,000 yds.



1018 ROADWAY.

(b) Office Work.—The stadia work is platted on a scale of ioo

yds. to the inch, which makes the drawing on a scale of 300 ft. to the

inch. This scale is large enough for the accuracy required. The drawing

is then divided into trapezoids by lines perpendicular to an axial line

arbitrarily marked on the map, the end of the parallel lines of each

trapezoid passing through an angle in the survey. These lines are then

scaled and the various areas computed and added together. It is not

deemed necessary to go to any mathematical accuracy, as the field work

itself probably contains errors of at least 5 per cent., due to errors in

location of the line surrounding drainage area.

(c) This company almost invariably uses the Talbot formula, a copy

of which with tabulation up to 1,200 acres is enclosed. A liberal value

is given to the coefficient "C."

(d) We use no printed instructions, forms, diagrams, etc., except

Talbot's formula referred to above.

(2) This company has made drainage area surveys for the past six

or seven years. No failure has resulted from the use of Talbot's formula

except where the water area has been divided among several openings.

As for example, where the water area is 10.5, three 24-in. pipes have been

used. In such cases the culvert referred to carried the water under a

head of two or three feet, which, while not dangerous, in most cases is

undesirable. Previous to 1900 the area of culverts which replaced exist-

ing structures was determined by measuring the area of extreme high

water at some well-defined place in the channel close to the site of the

proposed culvert. In some cases where the culvert appeared to be too

small and in others where the size of the culvert was exactly right to

handle the heaviest floods, a drainage area survey has been made since

the structure was built with a view to check the Talbot formula. In all

such cases the formula was found to be reliable.

(3) This company has not used a formula involving the intensity of

rainfall, slope of drainage basin, etc.

(4) (a) The character of floods is not taken into account except to

bring to bear on the particular problem the past experience of old

employes in regard to what happened at the point in question during very

heavy rains.

(b) The extraordinary or rare flood is not taken into account.

(c) While culverts will operate under head successfully, it is unde-

sirable, especially in a sandy country or in any location where the soil

washes easily. The danger is of two kinds : The culvert may be com-

pletely washed out, owing to the water's passing along the side of the

culvert, or a wash will occur below the culvert requiring extensive repairs

and possibly undermine the embankment.

(d) No margin is allowed for drift.

(5) The most common injury to bridges caused by the action of the

water has been in the undermining of piers not founded upon rock. Of
course the remedy for this is to carry the foundation to rock, and we
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have done so in many cases, when the piers gave evidence of failure, by

putting in a coffer-dam and underpinning the structure.

(6) We have no data.

(7) (a) Culvert Plans.—In regard to other features it might be

noted that after making a study of the situation before beginning a

culvert the liability of the soil to be washed, grade of the water course

and such matters are considered and the culvert designed lo be as safe

as possible. For example : Where there is any liability of the culvert's

working under head, water breaks are built around the culvert so that

the water cannot flow straight along the barrel of the culvert. These

water-breaks are usually 2x2 ft., and are really concrete ribs around

the culvert, being introduced as often as circumstances seem to require it.

(b) It is usual for this company to protect culverts from drift by

setting cedar or iron posts above the culvert to catch the drift.

(c) In other cases a concrete toe is built under the apron above

and below the culvert of such length and depth as may be necessary;

in some cases going to a depth of 4 ft.

(d) Culverts are almost invariably designed with concrete bottom

unless the culvert happens to rest directly upon rock.

(e) With very few exceptions our culverts are designed with

flared wingwalls both at entry and outlet. The longitudinal gradient

of the culvert usually corresponds to that in the stream proper.

27. C. C. Wentworth (Principal Assistant Engineer, Norfolk

& Western Ry.)— (See Discussion by C. S. Churchill.)—The late

Mr. Parkhurst made a valuable collection of waterway formulas,

which is given on page 314 of Vol. 8 of the Association Proceed-

ings. The formulas appear to me to be intended for use generally

on small drainage areas, but whether or not they fairly coincide with

the law that must govern may be estimated by carrying them to ex-

tremes. Such extremes may be put, for instance, at one acre as the low

limit, and 15,379,200 acres as the high; the latter being the drainage

area of the Susquehanna River above the Rockville Bridge, Pa., the

largest area on which I have more or less accurate data as to waterway

needed for great floods.

The required waterways in square feet, by these various formulas,

are as follows

:

For One Acre. For Rockville Bridge.

Myers 1 to 4 3,950 to 15,800

Peck 0.25 to 0.17 3,844,800 to 2,563,200

Engineering News 2 496
Fanning O.23 223,700

Talbot 0.2 to 0.8 49,120 to 196,840

To which may be added

:

Wentworth 1 61,850

The actual waterway needed is between 60,000 and 65,000 sq. ft. at

Rockville.
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It may reasonably be said that the above proves but little, as too

few cases are considered. " To meet this objection, use was made of a

paper on Destructive Floods in 1905, by E. C. Murphy and others, pub-

lished as No. 162 of Water Supply and Irrigation papers of the U. S.

Geological Survey. Most of the great floods noted in that paper are

given in the attached table dated September 19, 1908, the drainage areas

varying from 3.4 to 24,030 square miles.

As flood areas of waterway are not given in the paper referred to,

it was used to find what velocity the current must have in order to

permit the given maximum second feet of water to pass through a

waterway determined by the two-thirds power of the acreage drained.

This velocity is given in the last column of the table.

Now a wide variation in these velocities as figured for different

drainage areas would show at once that the formula did not represent

the general law. A fair uniformity in the velocities would show, in so

far, that the general law was represented by the formula.

28. J. E. Wil'oughby (Engineer of Construction, Louisville & Nash-

ville R. R.) :—For areas up to 50 sq. ft., we use as a rough check the

simple formula "culvert area equals square root of acreage." It is often

found that the coefficient should be no greater in mountainous than in

ordinary country, because of the increased velocities due to steepness of

gradient of stream beds.

We have had many washouts from allowing flood water to discharge

under head through culverts of the usual rubble masonry. I do not now
construct a box culvert of ordinary rubble masonry with sidewalls over

four feet high, upon the assumption that the flow of water five or six

feet deep through a stone box culvert of rubble masonry is dangerous

to the structure.

29. B. A. Wood (Resident Engineer, Mobile & Ohio R. R.) :—It is

the practice of this company to obtain the area of waterways for culverts

by making surveys of the drainage area, where it is not larger than a

mile in extent. When larger the area is usually estimated from the

best information possible. We have adopted Prof. A. N. Talbot's for-

mula and have used same with satisfaction for some time. I am attach-

ing hereto a small booklet giving areas used up to a section of land in

extent. When larger areas are used, special surveys are made.
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2. J. B. Berry (Chief Engineer, Chicago, Rock Island & Pacific

Railway) :—As to slides, the writer agrees with the explanatory notes

of the Committee. In addition to what they say, or in some cases

amplifying it, the writer would add (i) that the treatment of slides is

different in different sections of the United States, largely depending

upon the amount of rainfall.

(2) When you have a slide, adopt any means that seems best to

get track open and traffic started, then find cut the cause and remedy it.

(3) Water is the primary cause; flat slopes, secondary cause.

While piles driven even on top or at the foot of a slope may an-

swer for temporary purposes, it is at best a makeshift. Where piles

have been driven on one side or both sides of the track in warm
country, they rot out very fast, and not all at the same time, which

means constant attention to them to prevent slides where the piles

rot off.

Retaining walls should only be used where land is valuable and

there is not room to make a flat slope.

The writer's experience with slides is according to that of the

Committee, that it is not a regular incline, but a series of curves.

Our experience confirms, and it is the only way we would treat

the matter if the money can be provided, that in all fills where there

are slides, make the slope at least 2V2 to 1, and preferably 3 to 1,

that as the material is dumped from the track, teams should spread

it out so as to make it compact, and it should be dressed to a uniform

slope.

Have seen cases where, along river beds or streams, slopes could

be made by pumping water, on them, which is cheaper than teams, but

do not believe it unites the material so well. In a number of cases

tried, it has always been a success.

Where there are slides in cuts for the mountainous country, about

all that can be done is to clean them out. It seems best to run a

steam shovel through each side of the track, making a wide space

between the track and foot of the slope, so that the material can fall

into this space and not obstruct the track. When it accumulates in

large quantities it should be taken out again; in such cases the writer

would not recommend sloping the cut.

In regard to washouts, the writer thinks the Committee has covered

the subject well. In all cases in placing riprap it should be done with

some regularity—not always hand laid—reducing the friction to a

minimum. On fills in valleys where there is a constant recurrence

from overflow, and it would be loo expensive to make a high embank-

ment, the better method is to leave the track close to the ground,

ballast it with very heavy material, preferably with a good bed of slag,

and let the water run over it. Usually in these places the water runs

off readily, and if it does not, a train can run through the water if

necessary without any trouble.

Where banks are subject to overflow, if any side has to be rip-
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rapped, it should be made on the downstream side, because the water

will flow as if over a dam, and this will protect the bank from scour-

ing out. At the same time the track should lie ballasted with heavy

material.

As a temporary expedient, the use of gunny sacks is first-class,

and, wherever necessary, they should be raised above the top of the

roadbed.

In going over a washout it is not good practice to dip down clear

to the bottom, and up again ; it interferes with the good movement of

trains, causing them to break in two, and the writer does not think it

can be done much quicker than by using cribbing, and keeping the grade

line so that trains can get over safely.

3. John C. Beye (Locating Engineer, Chicago, Rock Island &
Pacific Railway) :—In recent years a number of serious floods in large

streams- have occurred, which not only washed away the embankment,

but also moved the river bank dangerously near to the railroad, in

some cases entirely destroyed the roadbed, and changed the channel

of the river, so that it now occupies the original line of. the road, for

a stretch. The road was rebuilt around the washout.

For future protection from the inroads of the heavy river floods, of

the stretches of the roads recovered from the stream, dikes, from 40

to 100 ft. or larger, were built ; the low ones were made of ordinary

heavy stone, laid to a slope of about 1 to 1, filled in by wheelbarrows

or push-car with stone and brought up to a ridge to the elevation of

sub-grade of roadbed, or to extreme high-water mark. For higher

dikes it was more economical to build the dikes of piles driven well

into the ground, 5 ft. center to center, in two parallel rows, 10 ft.

apart, with a walling piece about 3 ft. from top. A few i^-in. rods

were used for securing the end from possible injury from scour.

Brush, either tied in bundles or loose, and stone were placed within

the lines of piles to the desired height, extending above the tops of

piles. Stone was thrown around the end and sometimes along the sides

to prevent scour.

Whenever the embankment was exposed to the direct action of the

river floods, the dikes were built connecting with the embankment, in

some cases at a right angle, and in other cases making an angle of

about 65 degrees with the tracks.

Where the river banks were about as high as high water or above,

and there appeared immediate serious danger to embankment, the dikes

were built connecting with the river bank, and extended into the river

to the desired distance. The dikes were built in some cases, not only

for immediate protection of the road, but also for change of the chan-

nel of the river. The dikes are used when ordinary riprap alone will

not afford the protection and results desired.

4. G. D. Brooke (Assistant Engineer, Baltimore & Ohio Rail-

road) :—During the latter part of August, igoi, there occurred in the
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vicinity of Sutherlin, Va., a station ten miles north of Danville, on

the Richmond and Danville Branch of the Southern, a very heavy local

rainstorm, which caused several serious washouts and tied up through

traffic on that line for about four days. This storm was of a type

quite common in that section during the summer months, being of

short duration, comparatively narrow limits, and accompanied by a

severe electric storm. It occurred at night, during a normal season,

and was neither preceded nor followed by rainfall of unusual length

or intensity. The Southern suffered severely from the resulting high

water, three washouts occurring within a distance of one and one-

quarter miles, and a fourth about eight miles from the first. These

will be described in order from south to north

:

Washout No. i.—Location—three-fourths mile south of Sutherlin

;

water course—small stream flowing into south branch of South Fork

Double Creek; opening—2x3 ft. rubble box culvert; nature of embank-

ment, earth; height of embankment, about 12 ft.; washout occurred

at box culvert; resulting damage, about 10 ft. of bank washed away

and culvert destroyed.

Nature of washout—break caused by water working along sides of

culvert, which seemed to have been partly blocked by drift ; water rose

almost to top of embankment.

Roadbed restored by filling, culvert being replaced by two cast-

iron pipes, one of 24 in. and one of 30 in. diameter.

Remarks.—Prior to this washout no trouble had been experienced

for several years, and the culvert was apparently of sufficient waterway

;

no trouble has been experienced since.

Washout No. 2.—Location—one-fourth mile south of Sutherlin;

water course—north branch of South Fork Double Creek; opening

—

8 ft. circular stone arch; nature of embankment—earth; height of

embankment, about 15 ft.; washout occurred—about 40 ft. to no ft.

north of arch, embankment around arch remaining intact ; resulting

damage—about 80 ft. of bank washed away.

Nature of washout—break caused by embankment being overtopped

and washed away.

Roadbed restored by construction of timber trestle 72 ft. in length,

foundations being secured by leveling off bottom of breach in embank-

ment, which was several feet above ordinary low water.

Remarks.—This washout occurred just above the confluence of

the north and south branch of South Fork Double Creek, at the head

of a mill pond of from 25 to 30 acres area, the dam being about one-

half mile below the break. The timber trestle is still in place, and no

trouble experienced since this washout.

Washout No. 3.—Location—one-half mile north of Sutherlin; water

course—small stream flowing into South Fork Double Creek; open-

ing—2x3 ft. rubble box culvert, and open way of about 15 ft. span

under which a 36-in. cast-iron pipe had been placed, evidently with

intention of filling open way, which had timber back walls and stringers;
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nature of embankment—earth; height of embankment—n ft.; washout

occurred at timber trestle ; resulting damage—timber bridge and 50 ft.

of bank washed away.

Nature of washout—break caused by water washing "filling from

around and forcing its way through embankment behind timber abut-

ments.

Roadbed restored by construction of wooden trestle 40 ft. in length.

Remarks.—A few years prior to this, when the 2x3 ft. box culvert

was the only waterway, a washout occurred at this place, destroying

several feet of bank, which was replaced by timber bridge above men-
tioned. The 40-ft. trestle is still in place, and no trouble has been

experienced since its construction. The idea of using 36-in. pipe and
filling to repair embankment has evidently been abandoned.

Washout No. 4.—Location—Paces, Va., seven and one-half miles

north of Sutherlin ; water course—Big Toby Creek ; opening—stone

arch 20 ft. diameter, about 300 sq. ft. area ; nature of embankment

—

earth ; height of embankment—about 25 ft. ; washout occurred around

arch ; resulting damage—arch destroyed and embankment washed away.

Nature of washout not definitely known ; seemed to have been due

to undermining arch.

Roadbed restored by plate girder bridge of 30-ft. span.

Remarks.—No trouble experienced for several years prior to and

none since this washout.

The above information is reliable within reasonable limits as to

size of openings, height of embankments, etc.; nature of washouts are

from memory of observations at the time. Records of behavior of

structures are from memory of the writer and of inhabitants along line

of railroad; those concerning Nos. 1, 2 and 3 are unquestionably suffi-

ciently correct for all practical purposes.

This branch of the Southern Railway, which was formerly the

Richmond & Danville Railroad, was completed about 1850. The culverts

at washouts Nos. 1 and 2, therefore, had been in place for more than

50 years, and were apparently of ample waterway ; the 2x3 ft. box

culvert was in place for about 45 years before the first washout, and,

as far as could be ascertained, had not given trouble. This in itself

shows that the storm was very unusual, and emphasizes the difficulty

of determining the size of structures which will be at the same time

safe and the most economical, even when there are existing structures

to serve as guides.

5. R. Budd (Chief Engineer, Panama Railroad) :—The slides which

we have encountered here on the Isthmus are due principally to two

causes: First, the inclined surface of the underlying strata of rock,

and second, the unusual amount of rainfall. While it is necessary to

study the conditions at each particular slide in order to arrive at

treatment which it requires, there are some general conditions which

apply more or less in every case.
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Among these, the writer would consider the prompt and effective

removal of water, in order to prevent it reaching the impervious stratum

of rock and flowing along it, thereby causing the overlying material

to slip. The writer believes that it is an economy to establish such

drainage, even at very great cost. We have used sluice boxes around

the brow of a hill far enough back of the slope to be safe, and have

also used V ditches lined with concrete, and make it a practice always

in finishing cuts where sliding material is indicated to hand-dress the

face, leaving the surface smooth to encourage the water to run away
readily without giving it opportunity to soak into the side of the cut,

as would occur if it was left rough.

In making large fills against a steep hill, where the additional weight

of the embankment caused sliding, we have effectively prevented slides

and stopped them by making a fill at a lower elevation and at a dis-

tance at one side about equivalent to 2 to 1 or 3 to 1 slope line,

so that the filling at the toe of (he proposed embankment would act

as a balance to hold the side hill in equilibrium. Piles or retaining

walls built of concrete or masonry placed at the toe of the slope act

in the same way, but for preventing slides when making embankments

of over 50 ft. in height, piles have not proven effective here, either

because they do not get sufficient penetration in stable material, or, if

they do, the force of the slide is sufficient to break the pile.

We have done very little in the way of building retaining walls,

principally because on the Isthmus there is an abundance of excellent

material for filling, and it has been cheaper to weight down the toe

of the slope with excavated material from the Isthmian Canal, which

does not represent any cost except the handling.

In swamps the writer has found sinkholes that could be held in

shape for operation by placing in them nothing but very light material,

such as sawdust, barrel staves, cinders, machine crates, and the like,

but in such cases it has required constant filling to keep the track up

to grade, and it is the writer's opinion, based on borings which we
have made, that such sinkholes are caused by a very soft materia!

extending to a great depth and extending for considerable width in

each direction, so that the entire mass may be likened to a large body

of jelly, which affords no resistance to pressure in any one direction.

In handling such a place, the writer would recommend a thorough

investigation of the sub-strata with diamond core drills, and if this

non-supporting material does not extend to too great a depth, he would

recommend filling with heavy material, remedying the trouble perma-

nently, but if the depth is more than 50 ft., he would consider it a

very hazardous undertaking to attempt to fill it and try to keep the

road open for traffic at the same time. If practicable, the writer would

build a temporary run-around track to carry traffic and use the per-

manent line only for dumping material.

The writer does not presume there is anything new or novel in the

above, but hopes that it will be useful in compiling data for recom-

mended practice for the 1908 report.
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6. M'oses Burpee (Chief Engineer, Bangor & Aroostook Railroad) :

—The writer has known slips to occur in construction, or shortly after,

in embankments in which considerable portion of clay was used.

These were caused by water soaking into the material of the embank-
ment, and were particularly bad where a body of blue clay happened

to have been dumped (as it came out of adjoining cut). Wetting the

blue clay rendered it semi-liquid and deprived it of its former strength

to sustain the superimposed weight, and caused conditions which per-

mitted embankment to settle and slide out along the line of least resist-

ance, as determined by the lubrication of the compressed semi-liquid clay.

The writer has also known slides to be caused by water getting

into deep cracks formed in the top of recently finished embankments
by excessively dry weather. This is quite apt to occur in clay embank-
ments exposed for a considerable time to hot sun, especially if the

top surface of embankment had been made in wet or showery weather

and consolidated by travel. He has heard of such embankments giving

a great deal of trouble, even after having been covered with ballast,

from the fact, of course, that ballast offered no resistance to water

getting into the cracks.

The remedy in the above is, in the first case, to keep the blue clay

out of the embankment, and, in the second case, to carefully fill all

the cracks to the bottom, or as near as possible, with the same material

as in embankment, tamping it to the same consistency, then crown the

roadbed well, and, if possible, roll it or compress it by dragging a

loaded stone boat over it. The entire top surface should be covered

with gravel ballast, as should also the sides, if possible, to protect them

from wash of heavy showers, or from running while thawing out in

the spring. The latter is often the cause of much trouble and loss of

embankment material. As early as possible a sod of strong-rooted

grass or clover should be grown en the slopes to protect them from

wash of heavy showers, or from waste by alternate freezing and thawing.

Wet ground under an embankment may also cause it to slip bodily

over the original surface. This is particularly liable to occur on ground

having a side slope. The cure for this is to thoroughly drain the

foundation of the embankment before commencing to build it. The
writer has had some experience with undrained embankments slipping,

and cured them by digging large and deep intercepting ditches on the

high side and filling with small stone, arranging so that all the ground

water would be led into the adjacent culverts; also by filling up pock-

ets which formerly would hold water until it had soaked into the em-

bankment, so (hat the water was made to flow to the culvert without

interruption. The latter defect is one of construction, but in work done

hurriedly is too often . permitted, with the expectation that it may be

made right by maintenance crews, and the remedy above mentioned

is used instead of the common surface ditch only when, owing to de-

gree of slope or extreme roughness of ground, the ditch is not possible.

Frequently, however, ditching and filling of pockets should be combined.
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Driving piles the writer does not consider to be of permanent

benefit, but there are doubtless many occasions when it can be used

to great advantage, and there is this in its favor, that it is probably

the quickest way of accomplishing substantial repairs which, though

temporary, may last a number of years and give opportunity to carry on

permanent improvement at convenience.

In cases where there is a general movement of the land, such as

sometimes occurs on an underlying smooth ledge with some dip to

surface, neither piling nor retaining wall is likely to be of any use.

On the other hand, a thorough drainage is likely to effect a cure, even

when it simply provides means for carrying off the surface water and

prevents it from saturating the ground and lubricating underlying dip-

ping stratum adjacent to the roadbed. Such drainage work should

probably extend to a considerable distance on the higher side, and even

if not complete may be effective in preventing such an amount of water

from reaching the ledge as would cause a slide.

Where large quantities of material are to be supplied to replace

slides, gravel should be used, unless cinders, which are the best, can

be provided in sufficient quantity.

Slides in Cuttings.—Although these are different in detail from

those in embankments, the methods to be used in preventing them

must be, as in the other case, largely a matter of drainage. Where
track is obstructed, probably a temporary track around and remove

the obstruction is the quickest way possible. It never does any harm
to widen cuttings, except doing so encroaches beyond right-of-way, in

which case the remedy is either to buy more land or to build retaining

wall. The writer has known this to occur in new work by the ex-

posing of a stratum of blue clay to the weather, at the same time

destroying the equilibrium of its mass and allowing it to be pressed

out from under the superimposed stratum of other material. After the

different influences have begun to operate, a crack in the top surface

back from the top of slope will begin to form. This, when filled with

water, hastens the slip. The remedy for this is to remove sufficient

material from the sides of cutting to warrant safety. The same care

in drainage of slopes of cuttings should be used as in embankments.

Water should be diverted from weak surfaces, and wherever possible

should be kept from the slopes. Inasmuch as it is seldom possible

to entirely effect this, good road ditches should be maintained so as

not to only prevent the soaking and softening of roadbed, but also

the foot of slopes, which condition always induces slides. The growth

of a good strong sod on the surface slopes down to ditch line is of

great value. Great care should be given to the grades of surface

ditches, as well as to the material in which they are dug. As nearly

as possible their sides and bottom should be impervious to water, so

as to insure their conducting it away from the places needing protec-

tion; otherwise they may cause slips instead of preventing them.
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It seems a fair conclusion that most slips at the foot of slopes

in cuttings may be traced directly to the fact of too narrow cuttings.

Starting the consideration of the subject from the necessity there is

of a certain width of base to give stability to the track, which includes

ballast, and remembering that soil which is moist is no foundation,

allowance should be made, placing the ditches so wide apart that there

will be sufficient width of stable ground unsoftened by the water in

the ditches, to form an ample foundation for the track. This is a con-

dition absolutely necessary in order to maintain good track. Anything

less adequate results in a constant settling of track, with the consequent

squeezing out of the roadbed into the ditches, clogging these, thus

weakening the toe of slopes and causing them to slip.

The writer has made no experiments or systematic observations on

this line, but thinks there is abundant reason to cuspect the cuttings

as at present usually made are too narrow; also that stability of road-

bed and track requires a much greater depth of ballast than standard

specifications call for. If the latter be true, a greater width of roadbed

would be necessary ; for instance, if we increase the present usual depth

of ditch from one foot to two, we should add six feet to width of

cuttings, and would place the bottom of the ditch three feet below

the base of tie, removing the influence of the softening action of the

ditch water both to greater depth and width, and enabling the roadbed

to present much greater resistance to the destructive forces of traffic.

Usually, washouts cannot be cured by any method prescribed be-

forehand, nor can anyone not perfectly conversant with all the circum-

stances even suggest an intelligent method ; but almost always the cure

is by replacing the material washed away by one of -a more durable

nature and of greater width. The latter is one of the chief requisite

characteristics of the material of repair. The use of coarse gravel for

refilling and riprap for protection is almost universal for such purposes

where it can be had, and there are no better materials.

Where currents are strong, the riprap should be rock as heavy

as can be handled, and it should not be round, but flat or angular in

shape, so as to offer resistance to rolling. A stone that will roll is

never at rest in a place that needs riprap. A very little wash at one

side will permit it to move a few inches to that side; this in return

will alter the current so as to cause wash at some other point, with

a consequent change of position of the rock. True, large masses of

rock can only be attacked along the edge, but it is safe to say, and

the writer's experience, as doubtless that of others, demonstrate the

advantage in the use of angular-shaped rocks. A smaller quantity of

the better material will effectually cure the trouble.

During high water in rivers from freshets sometimes a critical

period may be passed by the use of fallen evergreen trees as fender?,

hung by ropes, tied preferably near the tree top. In this position the

current will force the tree down much below its normal flowage level,

or, in dead water, such as shores of lakes, the damage being done by
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heavy wind may be considerably lessened by placing any sort of brush

in the water along the bank. These are merely temporary expedients,

of course, and the protection work ought to be completed as soon as

possible by the use of riprap. In some places it may be more con-

venient to place sacks filled with sand or gravel against the bank, or,

in fact, to immediately place substantial riprap.

Frequently small washouts prepare the way for large ones ; for

instance : The writer has noticed a great many culverts where under-

mining had taken place at the discharge end, and these, neglected, so

that the whole lower end, wings and parapet were so damaged that

almost any heavy continuous storm might have resulted in the break-

ing down of a -few feet more of the structure, followed by the slip

and washing away of embankment. Rubble masonry culverts laid with-

out mortar are quite susceptible to destruction in this manner, and this

is hastened by nitration of the storm water through the joints of the

structure when clogged so a head of water forms on the upper side.

Small washouts should be promptly repaired, and being straws to show

how the wind blows, should indicate the proper method and amount

for permanent protection work.

Extensive washouts, such as obstruct traffic, must, of course, be

temporarily repaired as quickly as possible, so as to restore traffic.

If a stream very small or dry run, and height only moderate, prob-

ably crib work of old ties or lumber can be made more quickly than

any other temporary structure, but if height is considerable, a rough

trestle, resting on mud sills, may be the better way. Much will depend

on the amount of timber to be handled in the job, or on the greater

convenience in getting a particular s.ort of material to the site, or

perhaps on the number or sort of men available for the work.

A bridge washed out will call for a trestle, and if bottom be favor-

able, it should be of piling. If hard bottom, the bents should rest on

sills, the whole framed on land and placed by a pile driver.

In the writer's experience is a case of washout of three spans of

160 ft., being replaced during the freshet by using large scows 40 ft.

long by 16 ft. wide by 5 ft. deep—4 to the span. Each was anchored

by two anchors with long cables, and when in place were braced by

chains fastening the bow of each to the sterns of those on either side;

those next the piers being similarly fastened to the piers, so making

a complete though somewhat flexible horizontal truss with the scows

as posts, and chains as diagonals, the chords being small timbers bolted

on to the gunwales, fastening bow to bow and stern to stern, and

continued each way to the piers. On the scows were erected in tower

fashion the falseworks to carry the trusses of the bridge. A footwaik

was then laid from pier to pier, and the lower chords of the wooden

Howe trusses were pushed out from the land. These were designed to

be slightly higher than the normal position, and to be lowered to the

bridge seats after the placing of top chord and braces. The complete

erection of the bridge was made on this floating trestle, with the ex-
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ccption as above, that the lower chords were put together on land.

As soon as the lower chords were placed and their lateral bracing

in, the structure was steady enough to give confidence to the whole
crew, so that work went on comfortably. After erection of one span

on this falsework, it was moved to the second span, and so on, until

the three were erected. The water was deep and current strong, and

driving piles was out of the question, as it was also to. hold the missing

bents for a trestle resting on the river bottom. This also was before

the days of the modern pile-driver and erecting derricks, or at least

these were not available for this particular job.

It is perhaps a fact that practically every washout must be treated

as an emergency. It will, however, be of great use to be supplied with

abundant material and good appliances in readiness for quick work,

or, in other words, to expect trouble.

Supplementary to the above, it may be interesting to cite cases

of washouts on the Bangor & Aroostook Railroad of Maine in De-

cember, iqoi. Snow had fallen early that year, and before the thaw
there was a depth of about three feet. On the 14th of December it

grew warmer, began to rain and continued through the 15th, so that

the surface of the land was completely awash. Streams rose to five

or six feet above their usual high-water levels.

On the Pleasant River a Howe truss bridge 142-ft. span was
flooded to a depth of three feet above the rail, and was probably only

saved by the washing out of embankment at one end.

On another branch of the road a trestle had been filled the summer
before. The culvert was an 8-ft. arch, rubble laid in cement. The
embankment was made of sand and the gravel by steam shovel and

train. The location was on a hillside, with average slope about 4

horizontal to 1 vertical, and the ravine was narrow and deep. Grade

was about 50 ft. above culvert. The water from melting snow was
probably retained as usual by the snow until almost the whole mass

was melted, when it suddenly gave way and precipitated itself againsl

the toe of the embankment, rapidly wearing it off and carrying it

into the culvert, through which passed about 15,000 cubic yards, or nearly

one-third the total quantity in the embankment. The culvert itself, hav-

ing a bottom of good concrete, did not suffer in the least. The track

was reinstalled on the old stringers of the bridge, as these had been

left in pending the complete settling of the embankment material.

Near this, on the same branch, a 16-ft. arch built of cut stone

met with a similar experience, but in this case the bottom was scoured

and one of the walls undermined along the front for about two-thirds

the entire length, and the embankment on one side of the arch was

also washed out. None of the masonry in this case either suffered to

any degree, although by close examination a slight opening in one of

the joints in arch ring could be seen. As soon as flood subsided, the

undermined portion was propped up by timbers, and immediately there-

after the cavity was filled with concrete and stone, and as the opening
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was proven too small for such floods the stream was deepened about

one foot under and below the arch. This case emphasized the value

of good and careful bonding of masonry when building, as well as the

liberal use of good cement mortar, in cases where bedrock foundation

cannot be found.

Such floods in Maine would be practically impossible in summer,

and are very unusual in winter. The combined effect of the rain and

the melting snow probably equaled in result a fall of rain of upward

of one foot in less than 24 hours, which, coming on frozen ground

which would absorb none of it, produced a result very seldom seen

in temperate climates.

The writer has recently received a letter from an engineer in

charge of construction, giving an account of failure of concrete cul-

verts, which 1 think interesting matter in this connection. The soil

on which the road is built is a very deep alluvial deposit, much like

clay in consistency and character, and probably containing clay in

layers. It is in a river valley, and the bottoms of the ravines in which

the culverts were built are in the same stratum as the soil to a con-

siderable depth below. This soil was very firm under tests made for

foundations, sometimes showing a resistance up to 5 tons per square

foot, although it might possibly have sunk if weight had remained.

A remarkable characteristic is that embankments under 45 ft. depth

appeared to stand very well, whereas, above that height, they ap-

peared too heavy for the foundation, and this fact was first seen in

the cracking off of the ends of the culverts, and bulging up of ad-

jacent ground. Some of the culverts were on pile foundations, which

appeared to have not the least resistance to the slipping out of the

soil under the embankment.

The writer has had some experience with bogs or sinkholes in

the last three years. In one part of the country in which our new

line was built it seemed impossible to avoid them. In most cases also

they were covered with a growth of large-size trees. Their depth is

from 10 to 50 ft., and consistency in some cases quite stiff. In one

case we had laid and ballasted the track across it in the fall, and, fear-

ing it would break through in the spring, as it was but a foot or

two above the high-water level of a large lake nearby and would

probably soften up from the melting snow, we built during the winter

a pile bridge across it. About two months after surfacing the track, we

had careful levels run on the track, and found a settlement at each

point almost exactly one per cent, of the depth to which the sounding

rod was forced.

In another case, not far from the above, where muck was not so

deep, but yet soft enough to allow the track to settle slowly while

being ballasted, we repeated a treatment which we had previously

found effective, namely, spread gravel, unloaded from the train, to an

extra width of about 30 ft. each side of the embankment, which here

is about 3 to 4 ft. deep, adding sufficient weight thus to the surface
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of the bog to prevent it from bulging upward, we also prevented the

track from further sinking. The writer strongly recommends this

method in construction on suspicious soil. While giving a greater

bearing under embankment, he thinks its success is due more to the

fact that the upward wave of the surface is prevented, and the soft

soil under the track is held in place by the weight imposed on the

surface on both sides, this extra material forming a counterbalance.

Even should the surface of the bog break through afterward, it will

do so less suddenly, and the extra material will then come into play.

In cases of breaking up of the surface, we have usually kept the track

supported on the rough cribbing of logs, which can easily be put

under, layer by layer.

Fig. i : Laying track on bog crosslaid with trees cut on the right-

of-way. Also shows natural growth of trees on the surface of a bog
about 30 ft. deep.

An interesting description was recently printed in the Railway and
Engineering Review of filling of sinkhole by a clamshell and train,

the track being kept approximately at grade, and laid with a switching

spur at the end of dump, where the clam-shell was installed, with

derrick and hoisting engine, emptied cars being shifted out and loaded

ones in as fast as needed.

There is no doubt as to the advisability of filling sinkholes during

construction, instead of building pile bridges over them, if it is at all

possible to do so.
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Fig. 2: Track after laying; under each rail and beneath the ties

are two or three small poles lengthwise.

Fig. 3: The same track after construction trains have been oper-

ated over it about a month.
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Fig. 4: The same track after commencement of failure.

Figs, s, 6, 7 and 8: The same in progress of filling. No weight

greater than gravel cars being allowed on it. Some of these show
the cribbing under the track, which was added to as the track settled

and was jacked up.
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Fig. 9: Shows a bog about 25 ft. deep, where the track has been

supported by counterbalancing or widening the roadway with gravel.

Has been operated 3% years, and is gradually improving.

7. C. E. Cartwright (Division Engineer, Canadian Pacific Rail-

way) :—The Drynoch Slide, on Thompson River, is about 1,500 ft.

wide where it crosses the track and extends back into the hills for

over two miles, the upper end of slide being 2,000 ft. above track.

This slide resembles closely a glacier in action, being very slow

in movement, averaging about ten ft. per annum. The movement,

however, is not constant, and periods of several months occur when

no movement is observed. Cause of slide is probably water saturating

a stratum of clay over a smooth bedrock. Remedy adopted has been

to divert a portion of the water before it enters the slide, and by a

ditch filled in with a tile drain, loose rock and cedar poles crossing

the slide about 1,000 ft. above the railroad. It was hoped to get this

ditch down to bedrock, but this proved impracticable. While not com-

pleted long enough to state definitely that all movement has ceased,

it certainly has been materially reduced.

The Black Canyon Slide is of a different nature than that at Dry-

noch, and is caused by the Thompson River undermining the toe of a

clay hillside, causing areas of ten or more acres at a time to settle. The

settlement is not sufficiently rapid to be dangerous, but expensive in

maintenance. The remedy adopted has been to divert the river back

into its original channel, by means of a wing dam, and has been

entirely successful.
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The Gladwin Slides are of still another character, and are among

the exceptions that prove the rule—not being caused by presence of

water. The hills along the Thompson River in the vicinity are over-

laid with gravel and sand, which takes a slope of about i
l/2 to I ex-

tending up from the river for 500 ft. or more, the toe of the slope

being generally retained by an outcrop of rock near the river. In the

course of time in some places this outcrop of rock has been eroded

by weathering, and the sand and gravel retained has gradually been

loosened-—chiefly by wind, and escaped into the river, until a depres-

sion below the general slope has been formed 200 ft. or more in

width and 30 or 40 ft. deep, extending to top of slope. In construct-

ing the railway, these places were crossed by pile trestles. These were

expensive to maintain, owing to occasional large boulders coming

down the slide from a height of several hundred feet. While expensive,

the replacing of these trestles by permanent work presented no diffi-

culty—the method used being to construct a retaining wall of masonry

on the bedrock at foot of slide and fill in to grade.

The Spence's Bridge Slides, being on the opposite side of the Thomp-

son River to the railway, did not cause any difficulty to the railway,

but may be mentioned as slides from another cause, viz., irrigation.

The cause being clearly due to the saturation of bench land by water

from irrigation. In connection with these slides caused by irrigation,

see a paper by Mr. H. J. Cambie, entitled "An unknown property of

Clay" (see Vol. 8, Proceedings, 1907, pp. 572-583). There is no remedy

for this nature of slide except to stop irrigation where the other con-

ditions exist.

Mudslides.—In a mountainous country, at times of heavy rains

or melting snows, a landslide may occur along some stream high up

in the mountain, and this may dam the water back until the whole

mass of mud, rock, logs and water breaks loose and rushes down to

the valley below. If the railway is above the valley level, a washout

probably will occur, but, if in the valley, the track will likely be cov-

ered several feet deep with debris. Method of dealing with this sort is:

If too extensive to dig out in a few hours, build a temporary track

over or around and remove afterward by steam shovel.

8. Chas. S. Churchill (Chief Engineer, Norfolk & Western Rail-

way) :—With reference to handling slips, our method is to use dry

material, such as light slag, after a slip has occurred in bank. In

a few special cases we drive piles at foot of banks to hold the slip,

and in rarer cases we drive piles at foot of slopes in cuts. Our ex-

perience generally, however, indicates that it is only in a comparatively

few cases that piles are necessary; these few cases being where the

thickness of the slip is not very great. Consequently our general

practice is to use light material for raising roadbed in case of a slip

in bank, and to remove a slide in a cut with a steam shovel.
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Briefly, therefore, we agree with Articles 12 and 13 of the Com-

mittee's circular, after quite a large experience with slides in the Ohio

Valley and tributary territory.

We agree generally with the remarks on Washouts, excepting un-

der paragraph "D," Article 3 ; we think this note is unnecessarily de-

ficient in not making some definite suggestion as to finding the required

areas of waterways through culverts and bridges. One square foot

is too small an allowance for four acres of drainage over the greater

portion of the United States, as it would take four hours for what

rain can readily fall on four acres in five minutes to drain off, the

velocity through the culvert being five feet per second. On the other

hand, one square foot of waterway for six acres gives 1,667 sq- ft.

for 10,000 acres, which would provide a waterway nearly four times

too great. It appears to us, therefore, that the rule suggested does

not agree in the slightest respect with the law that exists with regard

to the proportion between drainage areas and areas of corresponding

waterways. About 20 years ago Mr. C. C. Wentworth, now Principal

Assistant Engineer of the Norfolk & Western Railway Company, made

an investigation into the matter of this proportion: It was found that

for any drainage area -located between the slopes of the Blue Ridge

and the Ohio River, such as the Susquehanna River at Harrisburg, or

smaller streams down to those with one acre drainage area, the square

foot of waterway required was the two-thirds power of the number of

acres drained. This proportion has been in constant use on this road

for quite a number of years, and has been repeatedly checked.

This formula gives, for instance, in the region mentioned, one square

foot for one acre, 100 sq. ft. for i,coo acres, and 465 sq. ft. for 10,000

acres. For other regions the area of waterway is still proportional, we

think, to the two-thirds power of acres drained; but if the rainfall is

less, or slopes flatter, a constant percentage is to be taken for a given

locality. As far as observed, this percentage does not go below 60

per cent, of the two-thirds power of acres drained, at any locality.

The writer should add that this general formula was arrived at by

noting culverts and bridges that had been ample to withstand all rain-

falls and had adequate waterways. Also, where culverts or bridges

did not exist, extreme floods were noted as given in Government re-

ports, etc. No attempt was made to consider what occurred over the

entire drainage area, but merely what occurred at the bridge or culvert

site itself. In any locality in the United States the procedure would

be, therefore, to select some bridge or culvert that has stood the test

of time, without having a waterway evidently excessive; then find

what proportion its waterway bears to the two-thirds power of acres

drained, and apply the same proportion to other culverts and bridges

proposed in that locality.

9. W. C. Curd (Assistant Engineer, Missouri Pacific Railway) :

—

The writer would call attention to a new form of riprapping which is

being used in the South to some extent. This is known as anchor
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riprap. It consists of mats built of poles and brush wired together in the

form of cells or pigeonholes. Each cell is about 8 or 10 ft. square and

6 ft. deep. The bottom is made as tight as possible with brush, but

the walls and covers are loose to permit water to circulate and to de-

posit sediment in the cells. These mats are floated to place and are

anchored at the desired point at low-water height. During flood con-

ditions sediment is gradually deposited in these cells and the entire

mattress soon sinks to a permanent rest. This method is claimed to

be a splendid success.

io. W. M. Dawley (Assistant Engineer, Erie Railroad) :—Scour-

ing around the ends of trestles, bridges, etc. ; this should also include

the undermining of abutments and piers where founded on other ma-
terial than solid rock. A few examples of the work done by the Engi-

neers of the Ohio Canals, constructed from Cleveland to Portsmouth,

O., in 1825 to 1833, may be of interest. On the division between Cleve-

land and Akron, 38 miles, there are forty-four locks, overcoming a total

ascent of 39514 ft.

There are also three aqueducts : One across Mill Creek, nine miles

from Cleveland, of one reach. One across Tinker's Creek, thirteen

miles from Cleveland, of two reaches. The other across the Cuyahoga
River, at the Peninsula, twenty-four miles from Cleveland, of two
reaches. The trunk of the first is 40 ft. in length, and is supported

by two abutments of uncut stone masonry, resting on a floor of hewn
timbers, which extend across the bed of the stream and under each

abutment.

The trunk of the second, at Tinker's Creek, is 95 ft. in length,

supported by one pier, and two abutments of uncut stone masonry, rest-

ing on a floor of hewn timbers and extending from the center of the

pier across each waterway and under the abutments.

The floors or platforms on which these aqueducts are erected are

secured from being undermined by means of rows of sheet piling ex-

tending across the stream, both at the head and at the foot and also

by means of placing on the bed of the stream, both above and below

the aqueducts, large quantities of slone intermixed with brush. Similar

precautions have been adopted in all cases where foundations of aque-

ducts and large culverts have been constructed on this plan.

The aqueduct across the -Cuyahoga at the Peninsula rests on shale

rock.

The Tuscarawas aqueduct, 78 miles from Cleveland, is composed
of a trunk of wood 170 ft. long, supported by two abutments and two

piers of substantial stone masonry; leaving 150 ft. of waterway for

the river, divided into three equal reaches.

Each abutment and pier is founded on a double platform of hewn
timbers, laid crosswise, one course upon the other, sunk about two feet

below the bed of the river, which is here composed of well-compacted

gravel. Large quantit.es of heavy stone thrown about the bases of the.

piers and abutments, secure them from being undermined by the cur-
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rent, which is here so gentle and the bed of the river so firm that

bearing piles were deemed unnecessary.

Unless the engorgement of drift against the piers and abutments

should occur, the current of the river can never be sufficient to endan-

ger the foundations, secured as they now are; and the small amount

of drift which floats on this part of the river gives little cause to

apprehend such an event.

The Walhouding aqueduct, near the village of Roscoe, 135 miles

from Cleveland, is a structure composed of a wooden trunk, 310 fr.

in length, divided into five reaches and supported by four piers and

two abutments of stone masonry of the most substantial character.

Each reach is 50 ft. in the clear, making an aggregate of 250 ft.

waterway for the passage of the river.

The piers and abutments are founded on double platforms of hewn

timbers, laid crosswise one upon the other, supported by bearing piles

driven from 10 to 14 ft. into the earth below the bottom of the plat-

form and in contact with each other, so as to form a continuous line

under the exterior and entirely around each foundation. The plat-

forms are placed so low as to be always under water, and therefore

not exposed to decay.

A large quantity of heavy stone, intermixed with brush, is placed

round the base of each pier, and along the face of each abutment, for

the purpose of preventing the removal of the gravel, and the under-

mining of any part of the structure by the strong current of the river.

Immediately below the aqueduct a continuous line of strong piles,

thoroughly driven, is extended entirely across the river, rising to the

surface of low water, in order to prevent the removal of the brush

and stone placed under the aqueduct, by the force of the current, in

case of an engorgement of driftwood and ice against the piers and

abutments.

This river, which is the largest tributary of the Muskingum, is

a stream of great rapidity, rising very suddenly and to a great height.

Its banks are much abraded by its powerful current, and as the

banks are continually undermining in times of flood, the trees which

grow upon its margin are precipitated into the stream and carried

forward on its surface in great numbers. At the point where the river

is crossed by the canal, its bed is composed of loose gravel, which

is easily removed by a rapid current, unless thoroughly protected.

These circumstances rendered the erection of a convenient and

secure structure for the crossing of this river, a work of more than

ordinary difficulty.

The above from the Eleventh Annual Report of the Canal Com-

missioners, January 22, 1833.

There are many other aqueducts on the Ohio Canals constructed

on the same general plan that have withstood the floods, to date, al-

though the volume of water on account of deforestation and drainage

must be greatly in excess of the amount figured on by the Canal

Engineers,
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The remedy in cases where no such provision as above has been

made in the construction of the piers or abutments would be the use

of the riprap, but there should be a platform or mat with piles or sheet

piling placed before the riprap is deposited on soils or ground liable

to be eroded.

Every effort should be made to keep the velocity of flow uniform

across the entire channel.

Breaking Through Embankment.—The cause of the break should

include the muskrat and groundhog holes and the holes of other bur-

rowing animals.

The ends of a crevasse may be protected from further erosion by

floating in canvas heavily weighted at its lower end and afterward

being secured by gunnysacks. The recent articles in Engineering News,

Vol. 58, pp. 431-3, "New Method for Closing a Crevasse in a Missis-

sippi Levee," by Mary W. Mount, furnishes some good suggestions for

special cases where the flood promises to be of long duration.

A detailed description of the method of using gunny sacks in

swift water, the proper amount of earth to put in each sack, the scheme

of bonding or building up, the method of holding each individual sack

as deposited until secured by the weight of the next, etc., would be a

good thing to include here, as all have not had personal experiences

with work of this character.

Overflow of Roadbed.—Granulated slag makes an excellent em-

bankment to resist washing if it can be put in 6 to 8 months before

flood season. It cements slightly and in time becomes monolithic, re-

sembling a very porous sandstone.

On embankments subject to frequent overflow, the track should

be level for the longest possible distance, and all trees or shrubbery

in the immediate vicinity of the embankment should be kept down so

that their tops will not collect driftwood and cause a concentration of

the current.

Where embankments cross long stretches of bottom land subject

to overflow it is seldom possible to provide waterway sufficient to

accommodate maximum floods and the back water rising on the down-

stream side of the embankment will not reach the level of that on the

upstream side. The difference varies with the relative width of open-

ing and length of embankment. When the flood overtops the embank-

ment it becomes for all intents and purposes a spillway and should

be treated as such, if it is not possible to raise it several feet above

extreme flood height.

The track should be made of such grade that its top will conform

with the surface grade of the water on the upstream side. A ix6-in.

board nailed to the ends of the ties on the downstream side, with its

top edge even with the top of the ties, will insure a uniform distribu-

tion of the water on the downstream slope of the embankment and

prevent the removal of the ballast from between the ties, reducing the

damage to a minimum and affording a longer time in which to con-

struct a wall of gunny sacks or sod.
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Sidewash along alluvial streams may often be prevented by the

construction of cribs or projecting piers, baffles, etc., to deflect the cur-

rent to a course parallel with and some distance from the embankment.

If deflected too much it may cut in on the opposite side, returning

again to damage the embankment further down stream.

It would seem that some such arrangement, mentioned above, as

used by the Engineers of the Ohio Canals, might be used across the

stream bed below the point where bank is washed to prevent the scoop-

ing out of the material from under the riprap where deposited in soft

ground.

Slides of embankment usually occur in wet weather, but there are

occasional instances where the slip or slide occurs during dry weather,

but as a consequence of a preceding wet spell.

Slides in excavation, particularly in new cuts, occur principally

when the frost is leaving the ground, and arc primarily due to the

liquefying of the frozen earth by heat, and are usually augmented by

the spring rains still further saturating the softening layer until it

becomes soft enough to slide down the slope onto the roadbed.

Slides in excavation through shale sometimes occur in extreme dry

weather, due to the disintegrated shale, like sand, running more freely

when thoroughly dried out, the angle of repose being steeper when wet.

It would seem advisable to examine points where landslides are pos-

sible. It may be that the diversion of drainage may avoid a slip not

now anticipated. In cases where a landslide would cause enormous

damage, a little money spent in this way would be like money spent

for insurance.

Any physical change that will decrease the angle of repose of the

material forming the embankment or the slopes of excavation will

cause a slide. An added weight or surcharge on an embankment or

on the natural surface above the slope of an excavation may cause a

slide, although there be no change in the amount of water present.

Slides often occur in excavations on account of assuming a slope for

the cut which is steeper than the natural angle of repose of the ma-
terial. An inspection of the natural slopes of any rolling or rough

country will reveal that there are very few soils that will stand at a

i'/i to i slope for any extended period of time, unless sodded or cov-

ered with vegetation which is kept in good repair.

The form of slides is hyperbolic, if the material is homogeneous,
otherwise variable.

The cure of slides is drainage. In all cises where slides are caused

by the presence of water, drainage is the proper remedy, although in

special cases it may be possible to anchor a toe retaining wall at less

expense.

The driving of piles, although often resorted to, is not to be

recommended except as a temporary expedient. The piles must almost

always be driven through the moving mass, and it is not possible to

calculate their strength with any degree of accuracy.
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On fills, "weighting lower end" would seem to be equivalent to a

retaining wall.

On fills, "filling upper end ;" in some cases, for instance, where
the embankment is acting as a dam holding back flood waters, the

embankment becoming saturated, the side opposite the water may slough

off, leaving a vertical face about the end of the ties. This must be

repaired at once, and should be filled with material which will not

repeat the process of its predecessor. Cinders and slag are good if

obtainable.

In cuts, "excavating the slide ;" where the material of a slide is

of the consistency of mush, it may be distributed along the track by

plowing it along with a couple of switchties in front of the wheels

of a heavily loaded car, and then allowed to dry out sufficiently to

handle. Slides should be removed as quickly -as possible.

In cases of surcharges, the removal of the surcharge may be neces-

sary cuts ; and in the case of materials that run, when dry like sand,

the removal of the loose material down to the angle of repose in the

dry state will be the best remedy.

The writer's article, published in Vol. 8, pp. 541-554, of Proceedings

for 1907, will give some suggestions for subsurface drainage.

11. W. M. Duane (Chief Engineer, Cleveland, Cincinnati, Chicago

& St. Louis Railway) :—Incident to the work of grade revision and

rectification of alinement on the Cairo Division of the Cleveland, Cin-

cinnati, Chicago & St. Louis Railway, earthwork of some magnitude

was undertaken in the vicinity of the town of Crossville, located in

White County, Illinois. The alinement in this locality was not suscep-

tible to modification, and hence the problem was one purely of grade

reduction. As originally constructed, the railroad passed through the

town of Crossville at the general level of the surrounding country,

upon a practically level gradient. At a point about three-quarters of

a mile north of the town the country becomes hilly, and a 1 per cent,

grade was used, passing the summit through a saddle in a long ridge

running transversely to the course of the railroad. The original cut-

ting through this ridge was light, not exceeding 10 ft. at any point.

To reduce this 1 per cent, grade to a three-tenths per cent, grade (the

maximum allowable) involved a cutting below the original main track

of 35 ft., and ,a cutting at the side slopes of about 45 or 50 ft. To
facilitate the execution of the work, an offset location was adopted,

sufficiently removed from the original location to permit of the work
of excavation being carried to its final grade without disturbing the

existing main track and consequent interruption to traffic. The cut was

laid out with i££ to I side slopes and was protected, as was believed,

from the injurious effects of surface drainage by ample surface ditches

As the work progressed it developed that the material for a depth of some

23 ft. consisted of a yellow clay, impregnated with fine lines of soapy

gray material, running in threadlike form, practically vertical. Below
the depth of 20 ft. a shale was encountered which became harder and
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tougher as the depth increased, finally passing to a blue slate rock.

The upper strata of this shale were of a soapy nature, and upon

exposure to moisture became exceedingly slippery. The general in-

clination of the shale strata was from the west to east (the railroad

running north and south, approximately) and the dip apparently cor-

responded to the general surface of the country (approximately 2

per cent.).

The work had been carried forward to a stage where the final

grade had been reached and track laid throughout the cutting (some

7,000 ft. in length), the original track having been removed that ex-

cavation might proceed to secure the necessary width for finished grade.

Shortly after the turning of traffic, heavy, continued rainstorms occurred

and the masses of yellow clay overlying the shale began to move,

sliding into the cut from both sides, though far more seriously from

the west, or up-hill side. Within a space of six hours a portion of

the operated main track, some 1,500 ft. long, had been covered with

a layer of slimy mud, some 2 to 4 ft. in thickness. Early attempts

to remove the material sliding into the cut by means of a ditching

train evidenced the fact that for every shovelful of dirt taken out

about ten shovelsful slid in, so that in order to open up the line for

traffic a runaround was resorted to. Fortunately, the topography was

such that a maximum gradient of about V/2 per cent, on this run-

around was secured, and traffic was reopened via this line.

The problem next demanding attention was the successful re-

opening of the cut. It was concluded, and subsequent events clearly

demonstrated, that the only way to make the cutting so that a repeti-

tion of the slide would not occur, was to" remove sufficient of the top

material to prevent further sliding action. To this end steam shovels

were installed on each side of the cut on top, and something over

175,000 cubic yards of earth outside of the original section was removed.

This cut has passed through two seasons of rainy weather, and abso-

lutely no further trouble has been experienced, save some minor filling

up of track ditches, such as occurs in any new cut. The cut at its

maximum depth is approximately 400 to 450 ft. wide, the clayey ma-

terial on top of the shale taking a slope of about 4 to 1.

This slide really reached to proportions of an avalanche, and heroic

measures were necessary in order to cope with the situation. A radical

cure in this instance could not have been accomplished by any system

of drainage, as it developed that the construction of surface ditches

only had a tendency to cause the top yellow clay to split, and water

collecting in the surface ditches passed downward through vertical

seams, causing the top surface of the shale to become slippery, thus

facilitating the sliding action, rather than affording protection.

At Danville, Ind., on the St. Louis Division of the Cleveland, Cincin-

nati, Chicago & St. Louis Railway, the work of reconstruction involved a

cutting some 9,000 ft. in length and an average depth of 35 ft. This

cutting ran for a distance parallel and adjacent to the original main
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track, which was located in a cutting of an average depth of 20 ft.

Upon the bench left by the original track, a surface ditch was estab-

lished, substantially upon the location of the track ditch remote from

the new cutting, this track ditch being deepened and widened sufficiently

for that purpose. The material encountered in the excavation for the

new location consisted of a hard blue clay, with pockets and strata

of fine sand occurring in a more or less irregular manner throughout.

During the winter of 1907 the surface ditch referred to above failed, by

reason of the surface water reaching the sandy material and breaking

through to the new cutting. A failure once having occurred, the heavy

volume of surface water flowed directly to the new cutting, carrying

with it large quantities of sand. During one heavy rainfall the amount
of sand thus carried upon our main tracks was sufficient to put our

railroad out of commission for a few hours. In this instance a radical

cure was effected by the construction of new surface ditches beyond

the limits of the cut for the original roadbed, additional property being

bought for that purpose. These new ditches, being constructed at a

higher elevation than the one which occupied the original track bed,

did not penetrate to the depth at which the sand formation existed, and,

therefore, they have satisfactorily served their purpose. It was also

necessary, in order to establish proper drainage within the new cut-

ting and to remove the sandy material that had been washed into the

cut during the winter rains, to install a shovel and remove approxi-

mately 50,000 cubic yards of material. This is an interesting illustra-

tion of a case in which the cure was accomplished by efficient drainage

provisions.

Washouts of a serious character which have occurred upon the

lines of the Cleveland, Cincinnati, Chicago & St. Louis Railway, have

been caused almost exclusively by high waters in the Ohio, Mississippi

and Wabash rivers. Early in the winter of 1907 high waters in the

Ohio River put a stop to all railroad traffic entering the city of Cin-

cinnati, and upon the lines of the Big Four, between Valley Junction

and Lawrenceburg Junction, some twenty miles west of Cincinnati,

very serious erosion of the embankment across the bottoms of the

White Water River occurred, threatening at one time to entirely wash

away the embankment in this vicinity. This embankment was of rela-

tively new construction, and had been built almost completely of strip-

pings from a gravel pit located at Valley Junction, which material

lent itself readily to scouring action. At the time when the waters

of the Ohio River were at their maximum height a heavy windstorm

occurred, which, sweeping across the valley of the White Water River,

caused heavy surf action. This action so far eroded the embankment
above mentioned as to put one track entirely out of commission. For

a period of about four days and nights a large force of men was
engaged in protecting this embankment with riprap and with sacks

of sand, and in addition to this two steam shovels supplied material

which was hauled to the weak spots of the embankment and dumped
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into the gaps by the trainload. All told, some 50,000 to 60,000 cubic

yards of material were placed in the fill before the same was brought

to its proper standard.

At Wood River, near East Alton, on the St. Louis Division of the

Cleveland, Cincinnati, Chicago & St. Louis Railway, in 1902, very heavy

floods occurred, which broke through the railway's embankment, en-

tirely washing away the sub-grade. The breaks, which were some 500

ft. long, were repaired, first, by cribbing, which was later filled in

and protected by riprap and stone ballast. In this instance the depth

of water passing over the embankment was never sufficient to prevent

the operation of engines, and hence the remedy applied was in effect

the construction of a weir, sufficient riprap and stone ballast being

used to hold the embankment in place. Generally speaking, the forms

of protection used in the floods in the vicinity of St. Louis, due to

rises in the Mississippi River, have keen the use of sand bags and

riprap to prevent breaking through, and when breaking through oc-

curred, the use of cribbing or piling to bridge over the openings, which

openings were later filled in with suitable material.

In the washout at Valley Junction, above described, it is believed

that a permanent prevention of the recurrence of the trouble expe-

rienced at that time has been accomplished by the extensive use of

riprap, which will resist the erosive action of water, and it may be

here noted that an extraordinary combination of circumstances, viz.,

very high water and very high wind, would be necessary in order to

repeat damage of the character caused in 1907.

Upon the Cairo Division of the Cleveland, Cincinnati, Chicago &
St. Louis Railway, prior to the year 1905, there were several stretches

of roadbed which were annually subjected to washouts and interrup-

tion to traffic, due to high waters in the Wabash River, which al

times covered the track to a depth of two or three feet above the rails.

At one point where the railroad crosses the bottoms of the Embarrass

River, for a distance of 2 x/2 miles the railroad has been raised upon

a relocated line to a height some 6 ft. above its former level, which

takes it entirely above the high-water mark. A proper provision for

the passing of head water and back water through the embankment
has been effected by the use of concrete trestles. The cure in this

instance has been absolute, and it has been demonstrated that even

under the most adverse conditions, no further difficulties will be met

with due to overflows.

At the crossing of Indian Creek bottoms, some miles south of

Lawrenceville, 111., the railroad, prior to 1905, was also subjected to

overflow by back water from the Wabash River. The embankment in

this instance was raised upon its present location some two or three feet

and its sides protected by liberal application of riprap, laid up by

hand in a dry wall, and further protection from wash and scour was
afforded by the introduction of numerous equalizing openings.
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At Cairo, the methods of protection against high water, when the

Ohio and Mississippi rivers are at flood stage, are the same as those

which have been used in the vicinity of St. Louis, viz., the use of sand

bags, riprap and rock ballast.

12. S. B. Fisher (Chief Engineer, Missouri, Kansas & Texas

Railway) :—In connection with maintenance of railways, we may be

prone to regard slides and erosion as arising with the growth of rail-

ways, as preying on them, like a vicious parasite on a beneficial or-

ganism, as flies pester a dog, or the boll weevil eats at a cotton boll.

On reflection, we know that these processes are perennial, are as old

as Nature herself, and have been at work for millions and millions of

years. Geologists tell us that written in rocks, in the dim records of

the past, is the fact that twice in geologic eras before the present

one great mountains and uplifts have been degraded by slides and

erosion to near sea level.

The same agencies that are now gnawing at the roadbeds of our

railways, are slowly and certainly tearing down the mountain ranges

and degrading the continental uplifts. We, as beings ephermeral on the

face of the earth, catch but glimpses of these forces at work, but dis-

seminated all over the face of the land, observing at many places and

in various conditions, by co-operation we may accumulate knowledge

and become wise in working with and against these forces in maintaining

our roadway.

Building and maintaining the roadbed across sinkholes is to be

considered. Sinkholes occur in Wisconsin and the upper peninsula of

Michigan to a greater extent, perhaps, than in any other region on

the earth. It is impossible to build railroads through this region with-

out crossing some of them. Their origin dates back to the last ice age

in North America, some eight • thousand years or so ago. While the

main body of the ice sheet melted and ran off, numberless depressions

in the surface of the land were left filled with ice and covered over

with debris from moraines, which prevented the thawing of the ice

for a time. The terminal moraines also dammed up the old water

courses, and thus created little lakes and ponds. When the ice in these

depressions melted, where the earth was porous the water seeped away,

leaving potholes. Where the earth was impervious, the water was re-

tained and is now often covered with a crust of vegetation, so dense

and stable that the engineer cannot detect the presence of these under-

ground lakes, which have mostly turned into a muck, sometimes thin,

sometimes thick. The best practice in surveying in this kind of a coun-

try is to take soundings at every station across swamps and plat

them on the profile under the ground line, showing this subsurface

profile of hard bottom with a broken line. It is very rare that firm

ground is not found within 45 ft. of the surface. In some cases,

mainly across cedar swamps, the roots are so large and thick that

the surface crust holds up an embankment 12 or 15 ft. high, with

very small subsidence. Most frequently, expedients must be resorted
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to in carrying embankments across deep sinkholes. The chief of these

is the use of forest trees. Trees, saplings, brush, all full length, are

felled and pulled in, butts on center line, tops out, two rows, one on

each side, two feet and over in depth ; another stratum of timber is

placed on top in middle, on center line. Sometimes a single layer of

timber will be wide enough. On top of the timber a light fill is made.

Sometimes this depresses the timber enough to submerge, and so pre-

serve it, and holds up the roadbed for one or more generations. Some-

times it continues to sink, when other layers of timber and earth are

required, until the embankment brings up on solid bottom. All the

timber of no market value, in the woods, on one, two or more forties,

has thus betimes been put in one sinkhole. The cost of handling is

usually not more than for equal volumes of earth. As the middle of

the timber goes down, the outer edges remain up, and act like the

sides of a huge wicker basket, to contain the embankment. The dis-

placement of the underlying muck and the volume of the embankment

will each be a minimum; but the subsidence is liable to be considerable

and long-continued.

Shallow sinkholes are best filled in at once with earth, and this

is the ultimate fate of all of them, as sooner or later, under the heavy

hand of time and the increasing weights of roadbed and traffic, all

may be expected to break through, and it is very likely to be necessary

during the transition state to carry portions of track on piles or cribbing.

Slides in cuts must always be removed by the quickest and cheapest

means. Sometimes small ones can be taken out with barrows or

trucked out by sectionmen. Some of the late make of ditchers can

be used in taking out those of greater size. The main reliance, how-

ever, for the big ones, must be placed on the steam shovel, with its

supplemental unloader, spreader, etc. If the slide is of considerable

size and will yield under a jet of water, its removal by hydraulics is

worthy of more general consideration than has been given to it. If

running water is available, or if a reservoir can be readily constructed

at a height to give a pressure sufficient; or if water is in great enough

volume to permit the installation of a pump, all close enough to the

scene of operations to keep the cost of the pipe within bounds, and

if there is a place convenient into which the material can be sluiced,

the hydraulic method will be boih effective and economical. It only

takes a few men to run it ; nearly all the cost is in the installation

of the plant. It does not usually do its work very fast, but it does

it very cheap. In hydraulic mining, material is sometimes handled so

low as three cents per yard.

The moving toward each other of the abutments of a bridge may

be considered a special case of sliding of roadbed. In the Southwest

there are a good many streams where the banks are apparently moving

in as if to close up the channel, with a very slow, glacier-like action.

This inward movement seems to be counteracted, and the channel

maintained in its normal condition by the stream erosion. This move-
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tnent, assisted by the embankment thrust, takes the abutments with it.

We have applied inverted arches of concrete to counteract this move-

ment of abutments in three cases; working plans of two of them are

shown. The general outline of this work is briefly as follows: Wc
select a circular arc to best fit the perimeter of channel, then cofferdam

one-half of channel, excavate for invert, drive heavy sheet piling at up

and down stream edges (old stringers make good piles for the purpose),

if the bottom is soft, as it usually is, drive in a lot of old piles, letting

the heads stick up in the concrete, which can be rubble concrete or

riprap, held together with a concrete mortar. When one-half is done,

the water is turned onto it, and the other part is finished. The upper

side will never need any attention. If the lower side scours, a little

riprap will mend it. This method does the work, and does it cheap.

In perhaps ninety-nine cases out of a hundred, embankment slides

can best and cheapest be restored by adding additional material and

flattening the slopes.

Some twelve years ago there were a lot of embankment slides south

of Fort Worth, Texas. The embankments were stable in dry weather,

but when the rainy season set in, the roadbed sank under the track

and shoved out at the foot of the slope. The track was always raised

with additional material, and material from the foot of slope was washed

away by the storm water. To cure these cases, additional strips of land

were secured, the storm water channel moved away from foot of slope

and given a shallow, wide channel. The slopes were made 2V2 to 1,

with material hauled in by drag scrapers. No trouble has occurred at

these places since.

In these places, the planting of Bermuda grass in the water chan-

nels and on the slopes, is of immense advantage in preventing wash
and erosion. It is very beneficial to use Bermuda grass for the purpose

of protecting slopes, subject to gentle currents, in all the Southern

country, wherever it will grow. It is propagated from the roots by

planting sprigs of grass about every three or five feet.

Slides of roadbed, both cut and fill, may be treated under the fol-

lowing three heads or cardinal principles

:

First—Leading away the water, both surface and underground,

and preventing its deleterious action.

Second—Removing the material which has slid in cut, and add-

ing to the material which has slipped in fill, both in the way most

economical in time and money.

Third—Solving the restoration and maintenance of each case as

a problem sui generis (of its own kind).

In the construction of the Everett & Monte Cristo Railway, from
Puget Sound to the heart of the Cascades in 1893-4, there were some
slides which may be noted. Part of the course of this short railroad

—45 miles long—ran through the canyon of the Stillaguamish River

on a 3 per cent, compensated gradient, with 13 degrees maximum curva-

ture. The country rock was very friable. It was intersected by oblique
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planes of cleavage, in three directions, on axes of X, X, and Z, with

usually only a fraction of an inch between planes. When blasted, the

rock broke up very fine, and when some of the planes of cleavage

opened in place, it was liable to be treacherous. A gang of Italians

was working under a face of this rock one day, on the side of the

canyon, where the vertical fall was 40 or 50 ft. high, when, without

warning, a mass of it came down, burying the entire gang Co ft.

below the roadbed in the river bed. Nothing was ever found of the

gang excepting one boot heel.

In another place in this canyon, the roadbed had been constructed

along the foot of a slope on the upper end of which there was some

evidence of previous slipping. After an unusually long-continued sea-

son of rains it slipped again from a height of 120 ft., the foot of it

extending entirely across the river. After allowing it to rest for some

weeks, the roadbed was carried over and around it, with inconsiderable

changes of grade and alinement.

After the road had been completed through the canyon, there

occurred three or four days of heavy rains, filling all streams, then

came some 30 in. of snow, and immediately afterward a chinook, which

promptly converted the snow into water, and made a flood higher than

ever before known. Rocks as large as small houses were rolled down
the canyon by the waters, with noise that was deafening. Rock fills,

where struck by the direct current, existed only to be destroyed. At

places where the force of the stream struck the embankment, timber

-cribs filled with rock successfully resisted the impacts. These cribs were

also used to hold up the embankment along the rocky canyon sides.

They were of cedar, on account of its lasting qualities, and built as

high as 50 ft., although 25 or 30 ft. is as high as timber cribs should

be built. The settlement of roadbed over cribs is liable to be great.

Some miles above the canyon a tunnel was being driven on a 10-

degree curve, through a projecting mountain spur. The material in

the spur was of a mixed nature, composed of some boulders bedded

in sand, silt, clay; apparently the spur had been at some former period

formed under water. The pressure on the timber lining the tunnel

was very great. The longitudinal timbers of soft hemlock had been

compressed to less than half their original size. One morning the

lining gave especial signs of distress, on which the foreman sent all

the men out of the tunnel. He remained as long as he thought safe,

and just succeeded in getting out of the tunnel, the ladder being carried

away from under his feet as he got out of the entrance by the material

filling the entire tunnel, and being forced some 100 ft. or more beyond

its entrance. The tunnel broke through in the heading, crater being

left above the point of rupture, 85 ft. across, 35 ft. deep. This case

appeared to be unique. It was proposed to remove the spur by hy-

draulic means, making an open cut, a temporary track on 18-degree

and 24-degree curves having been built around the spur, but the light

traffic on this road, now a branch of the Northern Pacific, never
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justified further expenditure. The Northern Pacific has begun the

renewal of the crib work in the canyon with concrete, as was anticipated

when cribs were built.

There was a road built a little before the road mentioned above,

now part of the Great Northern, from Seattle to Everett, along the

edge of Puget Sound. The waves of the sound beat against it on one

side, and the bluff slid down over it on the other. Great stretches of

cribwork were built to hold up the one, and the other's was removed
after they came down. After the storm referred to above, John F.

Stevens, who was then on that road, told the writer he counted 120

slides from Seattle to Everett, 33 miles.

Every civil engineer who has dealt with earthwork during a long

professional career, has met slides multifarious in form, and almost

illimitable in number. Above are a few of them which have not been

forgotten.

Attached hereto is a letter from ,Mr. R. M. Garrett, Resident Engi-

neer, M. K. & T. Ry. Co., at Sedalia, Mo., giving in considerable detail

the work of the river bank protection by mat and revetment, as devel-

oped from that done by the Missouri River Commission. The detail

of that commission's work is scattered through their annual reports,

eight of them. It has naturally been modified in some minor fea-

tures, when applied to protecting the side of a railway embankment.
The cost, with free haul of material on the railroad, with a width

of mat varying from 45 to 60 ft., and revetment of about 45 ft., is

usually $6.00 to $7.00 per lineal foot.

There are some things which should be kept in mind to success-

fully • protect bank from erosion with mat and revetment. A secure

anchorage in lee of a projecting rock point or similar shelter is almost

essential. The mat must be secured to a firm head anchorage by its

longitudinal wires, which are four to six in number, doubled, one

strand above and one below the mat. It must also be secured by the

cross-wires which are put in at intervals of from 15 to 20 ft. Great

care must be taken to get mat in secure position at the start, so that

it will not move. It should always be woven and sunk at low-water

stage, with inner edge about low-water line. The outer edge should

be as nearly straight as possible, the width of the mat being varied to

suit sinuosities of the shore.

The rock to sink mat should be uniformly distributed, and great

care taken when slope is steep to keep it on the mat. Sometimes it may
be necessary to wire the stones to the mat. The great advantage of

the mat lies in the fact that it will hug the sand and prevent scouring

away under it. The revetment above should be uniform, and the

crevices between the stones filled with spawls. The entire contents of

quarry should be used.

While this form of shore protection may not be adapted to resist-

ing currents of torrential force, it is, perhaps, the best and cheapest

method of protecting from the erosion of river flood and the de-
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structive effect of waves caused by wind, along alluvial banks, and on

sides of roadbed built on deep formation of silt and alluvium.

Along the Missouri River left bank, within the last few years, a

few places where erosion has threatened, the roadbeds have been re-

inforced, and, so far, protected by steam-shovel work; the material

filled in being bluff debris, in which boulders occur. Some of the

soft material washes away, but where rock or hard bottom, which

will not scour and is not too deep, this method is quicker and cheaper

than mat and revetment.

13. Richard iM. Garrett (Resident Engineer, Missouri, Kansas &
Texas Railway) :—The revement put in by the Missouri, Kansas &
Texas Railway along the Missouri River for shore protection is built

similar to those along the Missouri River, which have been made by

the Missouri River Commission, and averages about 60 ft. in width.

The first work put in by this company was during 1897, and extends

from the east city limits of St. Charles down the river for 9,000 ft.

A rock dike was first built out into the river, and a boom made of

heavy timbers was anchored to lower side of dike, and laid parallel

with it. From this boom the mat was started, having its full width

at the beginning. The mat was first woven and sunk, and then the

bank was graded by hydraulics to a slope of 2 to 1, and then paved

from the top down.

In 1903, work was extended 3,000 ft. down the river, and was

done in the same way as the first section, with the exception that the

mat was anchored at the starting point with piles instead of the boom.

In 1906, revetment was again extended 7,200 ft. On this last sec-

tion the bank was graded to a slope of 2.V2 to 1 in advance of weaving

the mat, as considerable trouble had been experienced on former works,

on account of material from the bank covering the mat, so that a

connection between paving and mat could not be properly made.

Grading on this section was done with a small hoisting engine on

a barge, as follows : A derrick was erected on barge, having a boom

long enough to reach the top of the bank to be graded, a No. 3

wheeler scraper pan was pulled along this boom from the barge to

the top of bank, by a mule on the bank, and was held in place by

two men and filled, and then dragged down the bank by the hoisting

engine. The beginning of mat was anchored to deadmen on top of

bank about 200 ft. up stream, and weaving Was begun about 100 ft.

back on the old mat, so that full width of new mat was gotten where

the unprotected bank commenced.

In 1908, 4,000 ft. of revetment was put in on north side of river

just above Boonville Bridge. At Kingsbury, there is a siding on the

west side of main line, and out of the south end of this track the

spur was built to the river; this required a main track 6,500 ft. in

length, and a spur track 900 ft. in length. Track was laid about 5 to 20

ft. from top of bank all along where revetment was to go in, so that



ROADWAY. 1055

rock could be unloaded and used with as little handling as possible. The
bank was first graded to a slope of 2.y2 to i by teams; the mat was
then woven and sunk, and the slope paved from bottom up. It is the

description of this last section that will be given, as the only differences

between this and other works are those mentioned.

The bank was about 18 ft. higher than what was taken as the

average low water; the soil is mostly a very fine sand and very little

gumbo ; the bank was clear of timber and brush, but there were several

large snags along where mat was to lay that were taken out by sawing,

blowing-out and using teams and line.

Shovelers first dug along the top of the bank and shoveled down
all the perpendicular and overhanging points, so as to make it safe

for a mule to walk along close to the edge ; then a two-mule team
plowed two or three furrows as close to the edge of the bank as team
could be gotten. The mules were then hitched to a "Go-Devil," con-

structed of two 2xio-in. plank 8 ft. long, .fastened together at the front

end and flared to about 4 ft. at the back end ; it required one man
to drive the mules and one man to weight the drag. This was then

run along the back side of furrows, and the loose earth shoved toward
the river. After the bank began to slope, two or three slips were put

on, and the bank brought to the desired slope.

It will be seen that only about half of the material in slope is

moved, as the excavation makes the fill and does not wash away, as

it does when grading by hydraulics. It was found that with this ma-
terial the filled portion was as solid as the natural surface. Grading
was never carried further than 200 ft. in advance of weaving, as the

barges from which the mat was being woven would protect the bank
from the current for this distance.

The mat was woven 60 ft. wide with a selvage edge on out-stream

side, and sunk parallel with shore with the inner edge about 3 ft.

above the average low water. The mat was strengthened with five

double rows of ^3-in. galvanized steel cable (7 strands No. 11 wire)

laid longitudinally one above and one below, and anchored with a

double row of similar cable laid transversely every 15 ft. and fastened

to deadmen, buried 3 ft. deep and located 15 ft. back from the upper

edge of slope. At every intersection of the longitudinal with the trans-

verse rows, the four cables are fastened together with a 5^-in. "U"
clip. The transverse rows are fastened to deadmen by wrapping one

cable around the deadman twice and then fastening it to the other

cable with two yi-'m. "U" clips. The deadmen are pile butts about

3 ft. long, and the object in fastening the cable to them, as mentioned,

is to allow the cables to slip when loaded, so that the same strain

will be on both the under and upper cables. The willows were cut

from bank of river about one mile above mat, and were hauled by
wagons, hauling about 1.6 cords to the load. The road was bad at

times, and it required a snap team to pull out of the mudholes, but

most of the time the road was in good shape. It required 0.6 cord of

brush to 100 sq. ft. of mat; average thickness of mat, about 18 in.
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Weaving was started at a point at upper end and gradually widened

out to full width, anchors being placed for longitudinal cables in top

of bank about ioo ft. above upper end. The mat was woven with

four small barges fastened together, so as to make the desired width.

Fingers of skids were built on barges out of 3xi2-in. plank, 24 ft

long, and spaced 5 ft. apart, extending from the water level on up-

stream side to an elevation of 3 ft. above floor of barge at a point

about 3 ft. back from down-stream side. Spools of cable were set under

the down-stream ends of fingers at the proper position for the under

longitudinal cables, so that cable would unwind as the barge was let

down stream. Barge was anchored at the shore end to the track, and

at the upper end to the mat that had been woven. Mat was woven

on the barge as high as the fingers would permit, and cable and clip

men would pull the under cables through the mat by means of an

iron hook about 2 ft. long, and the top longitudinal cables were run

under these, and all were fastened together with a ^3-in. clamp. Barge

was then pulled from under the mat with a team, and anchor ropes

slacked just enough so that about three feet of mat would be left on

fingers. Top longitudinal cables were cut off of reel on shore in

lengths of about 100 ft., and spliced together with a square knot on

mat, as the work proceeded.

Mat was sunk and held down with stone weighing from 30 to 50 lbs.

An average of 1.5 cu. yds. of stone being used to the ico sq. ft. of

mat. Rock for sinking was unloaded from cars onto shoulder of

slope and wheeled in wheelbarrows out onto the barge, anchored length-

wise across the mat, and dumped along the edge of barge. Mat was

sunk from shore side out, so that it would settle away from shore

and the transverse cables would tighten up. Sinking was kept at least

100 ft. back from weaving barge to prevent pulling the mat off of

barge. When the water was higher than the proper elevation for the

shore side of mat, it was sparred out, so that in sinking it would

settle to its proper position.

The rock for paving slope was unloaded from cars onto slope

and rolled _down to the bottom, where paving was begun. Paving is

10 in. thick, and was paved from the bottom up, care being taken to

fill all the cracks with small stone. At the upper edge of paving, spawls

were piled so as to keep the surface water from washing under the

paving and starting it to roll. As long as the water was low, a good

connection was gotten between paving and mat, but there were parts

of this work that were paved during high water, and the rock slid in

afterward, making repairs necessary. The work done on the first sec-

tion in 1897 is in very good shape to-day. The mat has rotted where

it has been exposed to the air, but the paving is in good condition.

There have been some slides on the work done in 1906. At these

places it was found that the rock was settling under the edge of mat.

These were places where the bank had washed after mat had been

put in, and the mat does not lay up on the bank as it should.
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Considerable trouble lias been experienced on account of the eddy

caused by the end of revetment. At Boonville Bridge, the revetment

ends at an old rock dike, and no difficulty is expected at that point;

but at all of the other places it has given trouble. At the end of

the work done in 1905 it is probably more noticeable. The revetment

at this place was ended at a place where the Lank extended out into

the river 400 or 500 ft., and now the bank is 100 ft. further in than

the revetment, and the revetment has been repaired twice on account

of the river washing behind the end, and allowing the rock to fall in.

The cost of the Boonville Revetment is as follows : Cost per

lin. ft. for 60- ft. mat; banks 18 ft. above low water; laborers paid

$1.50 per day; foremen $4.00, and teams, $350. This does not include

interest on investment or make allowances for rainy days and moving,

but is the actual cost. The contractors' profit is included in the track

'work only

:

Grading bank per lin. ft 13

Weaving mat 4 10

Sinking mat no
Paving slope 230

Willows, including cutting, hauling and unloading, and price paid

landowner 340

Rock, at 075, delivered on site (2.3 cu. yds. to the lin. ft.) 1-730

Unloading rock 120

Spotting cars with teams C04

Hauling deadmen and cable 018

Taking out snags 030

Cable and Clips

:

1260—5^-in. cnP s @ -°6 75-6°

746

—

$i-m- clips @ .035 26.16

107150—5^-in. cable @ 1.00 1071.50 117326 .300

Deadmen, 270 @ 50 = $135.00 035

Track, 7500 lin. ft.

Labor, grading, including contractors' profit 1581.90

Labor, laying 1493-20

Taking up 1000.00

4075.10

Bridge across draw 460.00

4535.10 1. 140

Grading spur to quarry, $393-50 074

Total cost per lin. ft $467

14. W. S. Kinnear (Assistant General Manager, Michigan Central

Railroad) :—The writer has had quite a little experience with embank-
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ment slides, under various conditions, and recalls a sidehill embank-

ment which gave us endless trouble from the first heavy rainfall after

its construction until slide was finally checked, which will be explained

hereafter. As mentioned, the embankment was on a sidehill, and initial

steps to remedy the trouble consisted in hauling material by train and

filling as rapidly as bank would go out below. It was found after a

short time this would be practically an endless performance, and meas-

ures were taken to ascertain the cause of the slide. A careful exam-

ination of the slope on the upper side disclosed a sloping waterbearing

strata of clay, some 8 or 10 ft. below the actual surface of the side-

hill. For a considerable time after each heavy rainfall the top of this

waterbearing clay would be thoroughly saturated, and it was found, in

case of any disturbance below, the weight of the embankment would

produce immediate slipping or sliding on the smooth clay. It was thought

best to intercept the water from above and let the surface of clay, carry-

ing the embankment below, dry out. This was done by means of a sheet

piling ditch, about 3 ft. wide, some 15 or 20 ft. above the embankment.

The sheet piling was driven a sufficient distance in the clay to secure

firm footing and to prevent distortion. The material overlying the

clay was excavated within the limits of the sheet piling, thus forming

a ditch, which was carried to a waterway through the embankment to

an outlet below. No further trouble was experienced, and the embank-

ment held. It might be mentioned in this connection that a short time

prior to the construction of the sheet piling ditch on the upper side

one or two rows of piles were driven near the lower slope of the em-

bankment, hoping in this manner to form some resistance to further

slipping. The piles did absolutely no good, and were carried down and

out of position by the slipping bank in a very short time. The writer

thinks it is of the utmost importance, in case of either embankment or

excavation slides, to immediately ascertain the cause, and thus save a

great many false moves, which, at best, are very expensive.

The writer has also had trouble a great many times from old

embankments, and has in mind one or two cases where high banks

some 20 or 30 years old gave considerable trouble after periods of

ordinary rainfall, due to conditions which we could not discover. We
found the best treatment under such circumstances was to build per-

pendicular blind drains down the slopes, connecting with a similar blind

drain parallel to the foot of the embankment. These drains were

placed from 50 to 100 ft. apart, as conditions seemed to demand, and

consisted of an excavated trench some 3 or 4 ft. deep, filled with one-

man stones. These were carried entirely down the slope and brought

up against a similar trench filled with stone carried along the foot of

the slope throughout the length of the slide. We have not found one

single instance where this method was not effective in stopping trouble.

It has been the writer's experience that slides in old embankments

were likely to occur after the construction of a second track roadbed.

This was undoubtedly due to an interruption of the drainage and
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pressure of the new bank upon the old. Our method of treatment in

such cases was similar to that described immediately above.

The writer has found from experience that landslides are very

difficult to contend with, and in the majority of cases about the only

remedy which can be applied is to keep the track as near grade as

possible and wait for a new and permanent condition of the slope to

become established. A study of the possibility of diverting certain

surface water is always advisable under such conditions, and, in some

cases, may prove of benefit, although we have always found, where a

mountain side or steep sidehill is disturbed by the construction of a

line of railroad, trouble will undoubtedly be experienced, which it will

take years to overcome. The writer is not a believer in driving piles

either in embankments or excavation to hold sliding masses.

15. Hunter McDonald (Chief Engineer, Nashville, Chattanooga &
St. Louis Railway) :—Rock is plentiful with us and is used exclusively

for protection around the ends of embankments and along slopes which

are sometimes overtopped by water or eroded by side wash. Where

possible, we place it by hand, but frequently resort to dumping pell-

mell, especially where necessary to stop washing while water is still up.

In two instances the writer has kept a quarter-mile stretch of

track in running order, where water -had overtopped the embankment

and washed the earth filling out from between the tics and was still

pouring through the banks, by means of crushed stone dumped through

drop-bottom cars, running slowly back and forth over the threatened

area, and spread as uniformly as possible. We have had to resort to

mattresses for protection against side wash in a few instances in alluvial

soil, and have been successful. These are woven of wire and willow

in the usual way. Riprapping the ends of embankments is sufficient

where the opening is wide enough. In tome instances, where the

grade is too low to admit of sufficient opening, our track is riprapped

and floods pour over it, interrupting traffic while this is going on, and

requiring the removal of driftwood after the water falls. Have had

no instance of water forcing its way through embankments, but know

of several on other lines. In one case a 25-ft. arch, draining seven

square miles, was filled nearly to the top of the crown by an unusually

hard rain. The water passed through on one side of the culvert, wash-

ing the embankment out, and causing the collapse of the culvert and

the loss of thirty lives. As a precaution against such contingencies,

where the size of the waterway is at all doubtful, we use water breaks,

which are projections from the main walls of the culvert out into the

embankment acting as a dovetail.

As a precaution against the obstruction of culverts, the writer finds

a horseshoe built of heavy posts and barbed wire at the upper end

very effective, often increasing the capacity of the culvert 100 per cent.

The most difficult condition under which to restore traffic is a solid

rock bottom with heavy current. An arbitrary allowance of opening
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for culverts based on the acres drained, regardless of the condition

of these acres, is, in the writer's opinion, inadvisable. The writer

thinks it is entirely practicable to use a formula which the courts would

finally approve, and the preparation of such a formula should be the

aim of our Association.

We have succeeded in anchoring track which overflows by means

of io-ft. red cedar piles driven at intervals of 50 ft., touching the

ends of the cross ties and having telegraph wire wrapped around the

tie inside the rail and around the pile. The piles are driven in pairs

opposite each other. This method has been in service for about twelve

years on our Rome Branch.

An account of an unusual washout at our Johnsonville bridge,

which occurred in December, 1900, appears in the Railroad Gazette of

1901. In this case the steel work was saved after all bents but one

had been washed out by means of temporary pins. Traffic was restored

by driving 80-ft. piling in water 44 ft. deep, with a current of about

seven miles an hour.

The writer has used the burning method of curing slides in several

instances, and has always been successful where the material did not

contain sand. The method consists of digging trenches at right angles

to the track for the entire length of the slide and entirely through it

at intervals of about 25 ft. Trenches are about 3 ft. wide walled with

timber. They are filled with alternate layers of dry wood, coal and

clay, leaving openings in the clay layers for the fire to pass from lower

to upper ones and leaving a flue at the upper end. The fire is

dampered down over the flue by means of iron plates.

Slides in embankments which cannot be cured by this method

should be handled by purchasing additional right-of-way and filling

in with cinders. We have found weighting the toe and driving piles

ineffective. Retaining walls of stone or heavy earth and where not

overtopped are sometimes successful, and many instances of this are

visible along our line through the mountains, the walls having been

built many years ago, the slide being of unknown extent, but not hav-

ing moved for many j'ears. In several instances slides have occurred

along the steep slope of the mountain, leaving the track unprotected.

Temporary trestle work was put in, and permanent treatment con-

sisted of retaining walls carried down to rock in some places as much
as 30 ft. and brought up to the level of the ties and about 10 ft. from

the center.

16. W. A. McGonagle (First Vice-President, Duluth, Missabe &
Northern Railway) :—The writer desires to call attention to two sep-

arate cases of slides that it was his duty to take care of when Assistant

Chief Engineer of the Duluth & Iron Range Railroad:

(1) An excavation was made for a grade reduction in a cut

where the material was red clay mixed with quicksand. The depth

of the cut, when finally completed, was approximately 35 ft. Consid-

erable difficulty was experienced with slides, particularly on the up-
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stream or drainage side of the cut. Large cracks appeared in the

material, these cracks being almost in a vertical plane. The slides

were removed by the steam shovel, but the trouble did not cease until

a row of cedar piles, placed 3 ft. apart, center to center, and reinforced

with wallings of old bridge timber, securely bolted to the piles, was

placed in position. The loose material behind this row of piles was

then properly sloped. The surface was covered with manure and

seeded with clover. This construction has been giving excellent service

for more than ten years and no trouble has since been experienced

from further slides.

(2) The approaches to the ore decks at Two Harbors consist of

timber trestles supported on piles. The material into which these

piles were driven was red clay mixed with quicksand, very similar to

the material indicated in the preceding article. The material was sloped

in an angle of 2 horizontal to 1 vertical. Slides and cracks similar

to those described in article one were experienced and in one case

serious trouble resulted in pushing the trestle out of perpendicular.

All kinds of experiments with drains and cross drains and with seeding

the slopes were tried, none of them being successful. The next step

made was the change of slope to an angle of 4 horizontal to 1 vertical.

This work was thoroughly done. The surface was then covered with

manure and seeded with clover and no further trouble has been experi-

enced during the fifteen years that have expired since the slopes were

flattened. The height of the embankment at this point was approxi-

mately €0 ft.

17. H. A. Roberts (Division Engineer, Oregon Short Line) :

—

(Abstract from report of conditions existing along the Montana Divi-

sion of the Oregon Short Line during the high water of May and

June, 1908.) During the latter part of May and the forepart of June

heavy rains and snow on the eastern slope of the Continental Divide

swelled the streams in the regions along our tracks from Monida to

Silver Bow. On June 2 the water in the streams from Monida to

Dillon surpassed the highest point of record. Red Rock and Horse

Prairie Creeks overflowed their banks and the water spread over the

lowlands on both sides of our track and flowed down the borrow pits

with a strong current the entire distance from Armstead to about Mile

Post 310. Just north of Mile Post 309 the water flowed through a

concrete box from Beaverhead River to the opposite side of the track.

This water formed a large lake between this point and the cut at

Mile Post 310. The only outlet which it had was the cast-iron pipe

at Mile Post 309^2. The force of the current through this pipe cut

into the roadbed considerably, and we were obliged to keep a section

gang there filling in in order to avoid a washout. We were enabled

to shut the water from going through the concrete box by piling

ties in front of it. As soon as this was done the water on the west

side of the track rapidly lowered from the danger point.
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In the cut on the ten-degree curve at Mile Post 310 a consider-

able earth and rock slide occurred, partly blocking the track. This

was due to the softening of the slope by the heavy rains.

Just beyond the north switch at Grayling Beaverhead River makes

a sharp turn away from the track. At this point the water overflowed

its banks and a very large volume flowed into the borrow pits and

through them for a distance of several miles. Between this point and

Mile Post 315 the water was up nearly to subgrade on both sides of

the track.

At Daly's and at several points between Daly's and Barratt's

Beaverhead River cut into our embankment badly. At Bridge 714 the

water was well up on the sides of the stringers. At this point the

water remained at a constant high point until about June 14. We
had great difficulty in keeping the drift out of this bridge on account

of the banks being entirely inundated above and below the bridge. On
June 5 about six feet of the south embankment was washed out. We
filled this opening in with tics and rock, making the track safe for

traffic over it. On June 12 three piles washed out of the south end

bent. This was caused by drift choking the second and third spans

of the bridge, thus throwing a very strong current against the em-

bankment. Temporary repairs were made by filling in beneath the end

bent with very large stone, having a capacity of about four or five

cubic feet on an average. These were handled with the hoisting ap-

paratus with the engine of the pile driver. It was thought advisable

to give the stream at this bridge some additional waterway; conse-

quently, two 15-ft. spans were driven on the north end of the bridge.

On June 3 an exceptionally heavy rain fell, swelling the creek

running down from Feely toward Silver Bow so that it overflowed

its banks and ran in the borrow pit north from Bridge 752 and finally

breaking through the roadbed. The embankment was washed out for

a distance of about 30 ft., with a depth of 10 ft. We cribbed this

opening with ties and allowed traffic to proceed after only a few

hours' delay.

This same high water cut into the embankment of the south

passing track at Silver Bow, where the creek runs parallel with it and

inside of the right-of-way for a distance of 500 ft.

On June 4 a freight train pulled in on the passing track at

Woodin, headed north. When about ico yards beyond Bridge 736

Ihree hopper-bottom, heavily loaded steel coal cars dropped into a

hole caused by the embankment slipping away from beneath them.

The engine and four cars of the same pattern and loading passed

over this embankment ahead of them. The embankment at this point

is about 6 ft. high and constructed to join onto the main line road-

bed and has been built about eight years. This accident is attributed

to water softening up the more recently constructed roadbed, causing

it to slip away from the roadbed of the main line track. Near the

north switch the water had been flowing over the track and part of the
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water followed down between the main line and the passing track to

about the point where this accident occurred. It is probable that there

were a number of gopher holes in this vicinity, which allowed the

water to permeate the embankment. The earth seemed to be as soft

as putty 4 or 5 ft. below the surface.

During the night of June 4 a very heavy snow fell in the vicinity of

Silver Bow. The water in the creeks north of Feely again rose very

rapidly, finally cutting the cribbing in the washout at Mile Post 388.7.

At Mile Post 387.7, where the creek turns toward our roadbed, the

embankment was washed out for a distance of 75 ft. This was a

"side swipe," and the embankment was carried away while we stood

and watched it, unable to do anything to prevent it. The embankment

was built of sand and seemed to melt like sugar. At several points

south of Feely the water was several inches over the rails.

Our roadbed all the way from Monida to Silver Bow had by this

time gotten so soft that it was necessary to ballast the track with cin-

ders and gravel for short stretches, especially on sharp curves. Some

of the curves on earth ballast acquired a superelevation of 12 in.

This, of course, was too much for safe operation and these curves had

to be picked up on the low side by ballasting with cinders and gravel.

We also interlaced additional ties on the inside of the curve half-

way under the track. We were thus enabled to hold up the rail on

the low side.

On June 10 a cloudburst occurred at Buxton, and the resulting high

water washed out embankment badly for about six miles and at several

points rendered the track impassable. The water was several feet

over the tracks. The cribbing was undermined and had to be repaired.

Further damage was done to the passing track at Silver Bow, and

the south embankment of the Northern Pacific bridge, just north of

our depot at Silver Bow, was washed out for a distance of 12 ft.

On account of having considerable material on hand, such as timber,

rock, gravel, etc., we were enabled to make repairs at all of these

points without a delay of more than twelve hours to traffic.

During the night of June 16 very heavy rains in the vicinity of

Humphrey caused such high water in Beaver Creek that it overflowed

the banks and washed out part of our grade at several points in the

canyon. The force of the water through this opening was very

great, and we were obliged to check the course of the- current by filling

in on the upper side with heavy rock before the opening could be

cribbed. This opening we cribbed with ties, delaying traffic only about

four hours. At other points where washouts occurred we easily re-

paired them, as the water had subsided by the time the cribbing had

been repaired. At the head of Beaver Creek wc have a large reser-

voir, from which our ice supply is secured. Beaver Creek flows

through this reservoir, which latter is empty during the summer. The

headgate in the dam provides an opening for Beaver Creek. The

water from the high plateaus above . Humphrey came down to the
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mouth of the canyon in such volumes that the headgate, which would

carry at least ten times the normal flow, was insufficient to take care

of the flood. As a consequence, the reservoir was filled and the flood

was carried over the spillway. The volume of the water in the

canyon was thus checked sufficiently to allow it to go off more gradu-

ally. This undoubtedly saved us a very serious washout throughout

the entire length of the canyon.

During June 17 and 18 heavy rains continued to fall on the eastern

slope of the Continental Divide. During the night of June 17, 10 in.

of snow fell at Lima. The weather continued warm and this snow

melted very rapidly. Red Rock and Horse Prairie Creeks and Beaver-

head River reached a new high-water mark.

On June 19 the cattle-guard at the north end of Barratt's Station

was washed out and the grade carried away for a distance of 20

ft., with a maximum depth of 7 ft. below the rail. This washout was

discovered by the section foreman in time to prevent a freight train

from running into it. The opening was filled in temporarily with rock

and cribbing.

In the meantime, Beaverhead River began to scour its banks where

our track runs close to it, also around each abutment of Bridge 696.

We had rock on hand and soon stopped this scouring by riprapping.

The water in Beaverhead River continued to rise at Bridge 714 until

it had reached a maximum of 6 in. over the guard-rail. This is a

common standard ballasted deck pile trestle consisting of ten spans

each 15 ft. long. As the water gradually rose above the guard-rail it

was necessary to place other plank and sand bags along it on the up-

stream side of the bridge in order to prevent the water washing off

the ballast. We were also obliged to turn the water back along the

embankments each way from the bridge for a considerable distance in

order to prevent it from going over. This was the critical period, as

a further rise in the water would have undoubtedly carried out the

embankment and washed the ballast from our bridge.

As the water continued to rise we were not troubled greatly with

driftwood, but each time the water began to fall the driftwood came

down the stream in great quantities. The reason for this is that when

the water began to rise the surface at the center of the stream is

higher than at the banks. The water tends to flow toward the banks

and this carries the driftwood to the banks, where it lodges. As the

water begins to fall the surface at the center of the stream is lower

than along the banks and this carries the drift away from the banks

and causes it to flow down the stream. This fact was very noticeable

in the vicinity of Bridge 714 and caused us a great deal of trouble.

We were obliged to keep a bridge gang at work pulling drift from

the stream for several weeks after the water began to fall.

One very noticeable feature in our many troubles during this high

water was the fact that our ballasted track held together fairly well

even under the worst possible conditions, while the track where we
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had no ballast went to pieces under more favorable conditions. This

was true not only on the Lima District, where the heavy rains

occurred, but also of the Pocatello District between Idaho Falls and

Dubois.

This high water was very much out of the ordinary; in fact, the

oldest inhabitants do not recall ever having seen as much water in any

of these streams and it is not likely to occur again in a good many
years ; consequently, permanent repairs will be made to most of the

washouts by filling in. Bridge 714 and the embankment for about

1,500 ft. each way will be raised, the bridge 2 ft. and the embankment
with a grade line to suit the conditions. It will be necessary to pay

more attention to dikes at bridges and surface ditches than heretofore.

Aside from this the only lesson to be learned is that when we have

our usual high water we should have plenty of material with which to

make washout repairs. For temporary repairs, filling with stone or

cribbing is the most expedient. In a few cases, where the washout is

very deep and will require too much timber for cribbing or rock for

filling, driving piles is the alternative. This is an expensive method
of repairs and should be resorted to only in cases of extreme emer-

gency. Even where the water is swift and not too deep cribbing can

be resorted to. In numerous cases we were obliged to put a man on

each end of a tie to hold it in the water until a foundation was
formed where the current was very swift, but by careful maneuvering

we were enabled to get the cribbing in without the loss of much time.

18. H. J. Slifer (General Manager, Panama Railroad) :—The gen-

eral subject of slides and washouts is one with which the writer has had

more or less experience right here on the Isthmus during the past

nine months, and, previous to that, like every other engineer, he was

mixed up with slides and washouts for a period of about thirty years,

and yet he is free to confess that at the present moment he would

not be able to say what would be the best thing to do in any par-

ticular slide or washout that might occur, for the simple reason that

no two slides or washouts act alike, or that could be treated alike:

yet there are general lines that might be adopted in connection with

this subject, but they would not apply excepting in a very general way.

The writer's reason for this statement is that his experience with

conditions such as the washouts caused by the flood at Johnstown a

number of years ago, the floods at Topeka and Kansas City four

years ago, the filling of swamps in Wisconsin and Michigan for nine

years, and his later experience on the Isthmus of Panama indicate

very conclusively to the writer's mind that each and every particular

slide or washout has to receive its individual consideration and treat-

ment. The writer will, however, endeavor to reply to the circular of

inquiry:

Surface Intercepting Ditches:

(1) Ditches should always be cut to intercept water service flow-

ing toward excavations.
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(2) Ditches need not be cut to intercept water service excepting

where the adjacent ground slopes toward the embankment.

(3) Ditches are best made in excavation, but to avoid making

ditches deep through excavation, so as to allow them to cross depres-

sions in excavation, it is frequently advisable to build levees in crossing

depressions.

(4) All cuts and excavations should be provided with intercept-

ing ditches.

(5) The distance at which a ditch should be constructed from

the outer edges of the slope naturally depends on the nature of the

soil, but if the roadbed will permit, and particularly in clay or sand,

such ditches should be kept at least 30 ft. from the outer edge of

the slope.

(6) The general form of ditches depends on the drainage area,

but ordinarily a ditch three feet wide on the bottom with one-to-one

slopes is used.

(7) Have never used any rule or formula for determining the

size of ditches, but have been governed in a general way by the

drainage area and the slope of the drainage.

(8) The maximum grade of a ditch would naturally be fixed by

the grade of the hill, and there is no limit so far as the maximum
is concerned, but when the ditches are very steep they should be pro-

tected by being paved. The minimum gradage should not be less than

.5 per cent.

(9) Ditches do not need any protection under ordinary circum-

stances, excepting where they have sharp turns or abrupt falls, in which

case stone paving or riprap should be used.

(10) Intercepting ditches should be regularly cleaned and re-

paired.

Surface Removal of Water from Cuts and Fills:

(1) Ditches depending on the extent of the cut and the water

drainage are preferable to side ditches and cuts.

(2) Side ditches should certainly be excavated in all solid rock

cuts and tunnels.

(3) They should be made 21 in. deep in cuts, and 12 in. deep in

tunnels, these measurements being below subgrade.

(4) It is the practice of the Panama Railroad to slope a roadbed

1 in. in 4 ft. from center for single track, and 1 in. in 4 ft. from the

center of each track for double track, and use drain boxes or tiles

to carry water from the ditch between tracks, but the Roadway Com-

mittee will doubtless recall the fact that the writer has always opposed

the principle of attempting' to drain the subgrade, and the Association

is on record as recommending that a subgrade should be a plane. He
can see no reason for changing his views on this subject.

(5) When water percolates through the ballast and reaches the

roadbed, it is best to correct the difficulty by using narrow transverse
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ditches filled with coarse gravel or broken stone, its construction being

ordinarily known as a "French" drain.

Subsurface Drainage of Cuts and Fills:

(i) Have never had any rule to determine the amount of satura-

tion of soil before said drainage should be undertaken. If the road-

bed is soft, or if the track heaves in winter, there is no question as

to the absolute necessity of providing subdrainage.

(2) Ordinarily pipe is used for this purpose.

(3) Have never had any occasion for using any formula, but

have preferred to put in more pipe instead of increasing its size.

(4) The main pipe lines to carry off the subdrainage are located

usually in the ditches, parallel with the center line of the roadbed.

(5) Where cross drains are needed beneath the track they are

used, and are generally constructed of either cast-iron pipe or rein-

forced concrete pipe.

(6) Pipe lines through cuts should not be any closer to the rail

than 5 ft., and in embankments the pipe line should not be any closer

than 5 ft. from the toe.

(7) Any pipe that may be used for subdrainage should go below

the frost line, and a minimum of 36 in. below subgrade or surface of

ground has been our usual practice.

(8) Drainage ditches have always been most economically con-

structed by the use of tile spades, making the ditch narrow with

straight face.

(9) Drainage pipes should never be laid on the earth bottom of

a ditch, and it is our recommendation to excavate the ditch deep

enough so as to provide for a foundation of from 4 to 6 in. of cinders,

and if the ground is firm the tile can be laid on these cinders, but if

not, then a plank should be used on which the tile should rest.

(10) If the excavation of the ditch is kept in proper alinement, it

is practicable to lay the tile against one side of the ditch, but if not,

then the tile should be laid in the center, being back-filled on each

side so as to keep it in proper line.

(11) Tile pipe should be covered with cinders for a depth of

about 6 in., after which the natural ground which has been excavated

from the ditch can be used for closing it up.

(12) No tamping ought to be done in the covering material next

to the pipe.

(13) Would endeavor to keep the maximum grades of tile pipes

to 1.5 per cent. There really is no minimum, but would not care

to lay much tiling expecting it to be of benefit with a grade less than

.2 per cent.

(14) If the pipe has a heavy grade a concrete apron should be

built at its outfall, so as to divert the water away from the track.

but under ordinary circumstances rubble stone placed at the outlet will

answer every purpose.
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(15) Have used several methods for removing water pockets and

soft spots beneath the track. The writer was able in one case to take a

number of old locomotive boiler flues, plug up one end of them with

wooden blocks, and then force them up into the bank, giving them a

good fall from the track at each end of the slope, and after they were

in place the wooden blocks would be forced out by an iron rod being

driven through the pipe, and in this way the water was tapped from the

embankment, but naturally the track settled and had to be raised and

kept in surface with -cinders. This method could hardly be used

where there is considerable water, and would hardly be called for ex-

cepting where a new grade had been built up against an old one. In

other cases the writer has been compelled to carry the track on temporary

stringers and excavate a ditch by hand right up along the track into

the roadbed, which was afterward filled up with coarse stone, which

was very effective in draining off the roadbed. In one or two instances

we have carried the track temporarily on short stringers, and put in

temporary wooden boxes, which, after a time, have made the road-

bed dry, when the track was again surfaced by using either cinders

or gravel to take up the depression and the roadbed be made dry.

In general, the only way to correct water pockets or soft spots

beneath the tracks is to take them out by lateral cross ditches, allowing

them to rest until they are dried out, and then replace the old material

with some material which will not permit the same condition to again

exist.

Pipe for Subsurface Drainage:

(1) Have always used soft porous tile pipe for subsurface

drainage.

(2) Have never used any perforated pipe for this purpose, as the

writer always felt that the ordinary soft porous tile would take care

of all water, and the holes would probably cause the pipe to become

filled up.

(3) Would prefer 12-in. lengths of pipe for this purpose.

(4) Have used pipes as small as 4 in., but would not care to

recommend a minimum of less than 6 in., and a maximum of more
than 10 in.

(5) 4-in. diameter pipe should have a shell ^2-in. thick.

6-in. diameter pipe should have a shell jHs-in. thick.

8-in. diameter pipe should have a shell J^-in. thick.

10-in. diameter pipe should have a shell %-\n. thick.

The writer would not care to use larger sizes.

There is one question that has not been covered in the circular

of inquiry, and that is as to whether a berme should be allowed be-

tween the side ditches and the slope of cuts, but believe that we will

all agree that it is good practice to leave . a berme, and where per-

missible this berme should not be less than 5 ft., although 3 ft. would

answer.
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There is a very reprehensible practice followed by many trackmen,

and that is in cleaning out or excavating ditches and light cuts, where

the sectionmen generally throw the material out on top of the slope,

and wherever this is done this material should be leveled down, and

should not be allowed to remain any closer than 2 ft. from the outer

edges of the ditch or cuts. Naturally this distance of 2 ft. should be

increased as the quantity of material thrown out increases.

Washouts:

(1) It would be the writer's thought and judgment that where

streams scour around the ends of embankments, bridges and other struc-

tures, crossing water, that ordinarily the engineer had not left sufficient

opening for the outflow, for the reason that lie did not leave it large

enough. There are a number of gentlemen in the profession who de-

cide the openings for waterways by theoretical rules only, ignoring

the high-water marks and experiences of the older residents of the

neighborhood. It would be the writer's suggestion that the young engi-

neer be warned emphatically to be careful to determine that the openings

left for waterways are ample, so that this danger of scouring might

not occur; but if it does occur, the remedy as suggested by Mr.

Fisher, or the lengthening of the waterway itself, is practically the

only way to cure it.

(2) Cloudbursts are known to have occurred all over the United

States, and the writer cannot imagine that there is any method of

calculation which will prevent water from forcing its way up against

an embankment, and, in fact, cutting it through, and generally this

break in the bank is at a point where an old waterway has been

filled up ; so that extreme care should be given the early construction

of the roadbed. The question of how best to correct the interruption

of traffic due to this cause will naturally depend on its location and

the appliances and material which may be at hand. At the time of

the reconstruction of the track into Topeka the writer luckily found

a carload of sugar sacks going to Colorado, and he was also fortunate

enough to locate a vein of rock, so that between the sugar sacks and

the vein of rock the track was again rebuilt. By driving a few piling

where the current was strongest and later filling up the space with

rock, the stringers, of which there were only a few on hand, were

used over a half dozen times. This condition was brought about

through the fact that the track was cut off on both sides from the

forces that were doing the repairing, and we had to make use of the

material that was nearest at hand. Having only one carload of

piles and one carload of stringers to build four miles of track through

water that was running thirty miles an hour of all depths, the stringer-

themselves had to be used over many times.

No railroad should be allowed to permit its supply of bridge

material to run down without always having an emergency set of timber,

for just such cases, and it has always been the writer's practice to

keep a complete set of material sufficient for ten spans on hand at at
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least two different points on every division for -just such emergencies.

These complete sets include both the lumber and the irons, and no one

was ever permitted to use them excepting in emergencies, and immedi-

ately thereafter the emergency stock had to be filled up again.

If this condition is brought about at a point where the same thing

is likely to occur again in the future, permanent repairs should be

made by building the roadbed of rock, which can ordinarily be secured

from some quarry along the line of the railroad, and in this manner

a permanent roadbed will be provided, and at the same time the cut

will be improved. If, however, the haul of the rock from the com-

pany's quarry necessitates a large mileage that will interfere with the

traffic, then it might be advisable to consider the question of securing

a quarry somewhere near at hand to the difficulty. It is believed that

it is wise to spend some considerable money in cases of this kind

to bring about permanent repairs, and naturally all the openings should

be left in the track that can be left when the permanent roadbed is

again established.

(3) The writer is very glad to know that his usual rule for de-

termining the size of waterways corresponds precisely with that used

by Colonel Nettleson, at Denver, for the writer has usually taken all

the information he could secure to figure the size of the waterway, and

then doubled it.

Cvcrflczv of Roadbed:

Ordinarily, the track as constructed is high enough in most cases,

but the use of gunny bags will prevent any serious trouble. If, how-

ever, the water becomes high enough to affect the track it would be

the writer's judgment that the best thing to do would be to wait until

the water went down, for it is not really believed that a track can be

anchored successfully, but all low bridges that come close to the sur-

face of the water, or which are likely to be affected by the water,

should be securely anchored to beams or piers. The writer agrees

with Mr. Fisher's recommendation as to the permanent cure by raising

the embankment.

An experience of some eight years in the state of Wisconsin and

the upper peninsula of Michigan, where the writer filled up quite a

number of sinkholes on the old Milwaukee, Lake Shore & Western

Railroad, taught him to think as Mr. Fisher does, that there is a

greater extent in this territory than any other region on the earth, and

he has not changed his mind so far as quantity is concerned, but has

changed it so far as quality. We have sinkholes on the Isthmus, al-

though we do not call them by that term, and they were not formed

in the same manner as the glacier sinkholes of the Northwest. In fact,

we have to draw on our imaginations somewhat to determine how

these sinkholes were formed, and there are two theories that might

be advanced

:

The Chagres River carries a very large drainage from the moun-

tains, and rises many feet in a few hours. Naturally there are a
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number of streams that lead into the Chagres River, and particularly

the Gatuncilla River. It is possible that the Gatuncilla headwaters

may have a heavy rain at the same time that a heavy or high

stage of water is in the Chagres River, and this would naturally pre-

vent the water from the Gatuncilla River rushing out to sea through

the Chagres River. Such being the case, the solids carried in the

Gatuncilla River would be deposited close to the junction of the two

rivers ; or, it is possible that some early volcanic disturbance either

heaved up the connection between the Gatuncilla River and the Chagres

River, or dropped down a large area just between the junction of the

two. At any rate, we have a large sinkhole on the Gatuncilla River,

and when the writer came on the Isthmus he found that the relocated

line of the Panama Railroad was located across this sinkhole for a

distance of 6,000 ft. in length, and had this embankment been made
from the waste material of the locks at Gatun we would have been

able to have stated that we had the largest railroad embankment in

the world, the height averaging about 90 ft. Investigation into the

foundation under this embankment, however, showed that we were

over a sinkhole, the soundings for the first 20 ft. being alluvial wash-

ing; the next 18 or 20 ft. being a sand washing, and after this, for

a depth of from 50 to 300 ft., we encountered a wet, mucky, vegetable

mold. Fills up to 60 ft. in height were supported by the sand blanket

referred to, but as the weight was increased up to 90 ft. the blanket

broke and the fills were scattered in every direction over the sinkhole.

We have been compelled to abandon the construction of our line over

this sinkhole, and have diverted it some five miles, so as to shorten

the crossing of the sinkhole and allow of permanent construction.

One of the lessons that was taught the writer in Wisconsin and

Michigan was that too much care could not be taken in connection

with the soundings, both longitudinally and laterally, and had the

proper soundings been taken in the case just cited he doubts that

anyone would have ever attempted to have built the line. It frequently

occurs, in taking soundings over sinkholes, that a blanket of sand or

gravel is encountered, and the ordinary mechanic or laborer who is

making the soundings, imagines that he has gone to solid foundation.

The writer, therefore, has always insisted on the soundings being

taken very carefully, both along the center line and also at right

angles thereto, and that they be taken under the direction of an engi-

neer, and that every effort be made to be positive that the soundings,

when completed, are to a solid foundation. In Wisconsin and the

upper peninsula of Michigan he has found soundings as deep as 80

ft, and in one case, where a pile trestle bridge with 40-ft. piles was

filled, the sinkhole broke under it and the piles turned upside down,

shoving their points up through the top of the sinkhole 100 ft. away

outside of the right-of-way fence. The original soundings taken in

connection with this bridge were consulted, and it was shown that

good ground was found at about 45 ft., but when the sinkhole broke
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it showed soundings over 80 ft. It is the writer's experience that it is

frequently the case that sinkholes have some subterranean connection

with a body of water close by. In filling up a sinkhole near Gogebic,

Mich., it was noticed that a lake about a quarter of a mile away was
being discolored, and later some of the logs and old corduroy from
the sinkhole were found floating on the lake referred to. In another

case, near Eland Junction, Wis., brook trout were caught in a sink-

hole that was being filled. Doubtless these trout got into the sink-

hol : from a stream located several hundred feet away ; so that the

writer's theory so far as Wisconsin and Michigan sinkholes are con-

cerned, is that they are submerged lakes.

The writer does not believe that we need bother our heads much
about crossing cedar swamps, because these swamps are generally

hard bottom, and very seldom cause any trouble. The experience

had during the eight years in question caused him to advocate the

breaking down of all places of this character at the time of the original

construction, for the reason that if temporary expedients are resorted

to, they will later on fail, very likely at a time when the traffic is

heavy, and the expense of repairing or filling them will be very much

more than the initial cost of construction of a solid roadbed of earth.

When the Wisconsin Northern Railroad was building through Oconto

County in Wisconsin, the sinkholes encountered were filled up with

a solid earth roadbed, but the writer naturally would not advocate any-

thing of this character for mining spurs, but where a track is being built

that later on will likely be used as an operated line, he believes it is

most economical to fill up the sinkholes at the same time the line is

being built, but naturally this depends entirely on the character of the

line that is being built and the finances available. But the writer

wishes to convey the idea that he does not believe in temporary ex-

pedients in connection with the question of building railroad embank-

ments over sinkholes.

Noting the reference relative to certain ditches for slides and cuts,

the writer would respectfully call attention to a home-made slusher

that is in use on the Iowa Division of the Chicago & Northwestern

Railroad, for the purpose of mechanically cleaning out ditches, which

we found to be very effective and economical.

The writer has never had any experience in cleaning a slide out

by use of hydraulics, but he cannot see any reason why it should not

be effective, with one exception : Slides in cuts usually occur either

through excessive rainfall or wet substrata. It would seem to the

writer that if hydraulics were used for the purpose of removing the

material, it would simply be emphasizing the conditions. It is his

general thought that wherever material slides there must be a wet

substrata, and the first thing to do is to endeavor to provide some

sort of drainage to dry out this subaqueous soil at the same time

that the surplus material is being removed.
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The question of making fills by the hydraulic method is, without

any doubt, the most economical, as has been proved several times in

the writer's experience.

Noting the reference to slides in embankments: Once more we

come back to the question of drainage, and it is the writer's experience

that engineers would have less trouble with their roadbed, their embank-

ments and their excavations if they paid a little more attention to the

question of drainage. In fact, it is the key of the permanency of rail-

road construction, and the recommendation that the storm channel

should always be moved some distance away from the foot of the slide

or embankment is a very good one, and in fact it should be carefully

studied in the original construction. Without good drainage embank-

ments cannot be maintained, excavations will slide and the roadbed

itself will never be a permanent one.

The writer agrees with the conclusion of Mr. Fisher that each par-

ticular slide and each particular sink hole is a problem independent of

any other that we have ever had, and he believes that he is safe in

saying that no two sinkholes or two slides act just alike.

In connection with tunnel construction, we have a very interesting

problem. The relocated line of the Panama Railroad goes through a

hill about 6co ft. long and about 300 ft. high. About one-half of this

is through volcanic rock and the other half through earth. The head-

ings through this 600 ft. of tunnel were joined in the early spring of

this year. New timber centers, 12x12 posts, with 12x12 timbers in the

centers, centers as close as four feet through the rock and three feet

through the earth, were well braced, and we felt that every precaution

had been taken to hold the opening. Concrete gangs were started at

once at the center, working toward each end, it being the thought and

intention that if the earth section should give us any trouble we would

always be anchoring the lining of the earth section back to the lining

of the rock section, where we did not expect any trouble. The rainy

season set in and it was discovered that the timbers in the earth section

were commencing to move. Instructions were then issued to put all

the timber that could be put in to hold the section open. All of this

timber was carefully located and the earth section was so completely

blocked that it was tortuous for a man to pass through it. As the

torrential rains increased the conditions became worse and an examina-

tion shows that the entire hill was moving on an angle of about 45

degrees with the center line of the tunnel. When this wet mass struck

the foot of the bill it was diverted by a spur .or hogback toward the

end of the tunnel. Large forces were rushed in and two immense

reinforced concrete walls, about 150 ft. in length, were put up with the

idea of intercepting this mass of earth and stop its moving. These

walls were completed up to within about 20 ft. of the timber, and it* was

the intention to carry the walls right up against the timber lining of

the tunnel, but before the forces could close up the .20-ft. gap the tunnel

broke through, and, at the present time, for a space of about one-half

the distance, the tunnel is filled with earth. Just previous to the break-
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ing through of the tunnel, the writer returned to the Isthmus and
made a trip through the tunnel and withdrew all forces, as he found
large 12x12 timbers twisted off, and every indication that the centering-

would not hold up the weight. As this is going to be a permanent
Operated line we cannot divert around as was done in the case of the

Northern Pacific, but later on, in the dry season, will expect to again

excavate the tunnel, lining it up as we proceed. So far as studies in

slides are concerned, this particular instance is one of the most inter-

esting that the writer has ever experienced, and it is an indication of

what torrential force, as referred to in Mr. Fisher's letter, might mean.
In connection with recommendation No. 7 on slides, it is the ex-

perience of the writer that it frequently pays to study the question of

counterbalancing these slides. In making a fill over an arm of the

sinkhole, previously referred to at Gatun, the earth embankment has

slid several times, and we are now just about correcting the condition

by going out > some 200 or 300 ft. from the center line and making an

embankment, which is having the effect of counterbalancing, or counter-

poising, the original embankment. The writer has frequently found that

this was a wise method to adopt in connection with building embank-
ments over sinkholes.

With reference to recommendation 3 of washouts, in an experience

with the Topeka flood some four years ago, the writer found sandbags

very effective in laying temporary track in the water. He luckily found

a carload of shippers' sacks, filled them with sand, laying them in the

water and over the top of them stretched some stringers, which, later

on, as the water subsided, were taken out and moved ahead. Where
the current was swift the driving of pile bents was resorted to, as

shown in recommendation No. 5.

The writer has had more or less experience with the question of

washouts in the states of Iowa and Missouri, and he has, from time

to time, made records of all rock cuts, and whenever there was a wash-

out he would send a gang of men to such rock cuts and commenced
blasting out rock for the purpose of building temporary track. He has,

wherever possible, in the construction of said temporary track, built it

on the original center line and raised it so as to prevent future trouble.

The question of anchoring track or embankment ought to be care-

fully considered, for it is the writer's experience that the track is not

disturbed, as a rule, by the first action of the water, which gradually

creeps up over the roadbed through the ties and covers the track.

It, of course, is then floating, and it is the reflex action of the water in

subsiding that carries the track down on the upstream side of the em-

bankment. This was the case at Topeka, St. Joseph and Atchison in the

flood some four years ago, and has been noticed in many other instances.

19. J. P. Snow (Bridge Engineer, Boston & Maine Railroad) :

—

The writer has known the end of a clayey fill to slide from the fol-

lowing cause : A low stone abutment was built in the end of the fill

on a platform of timber, this platform being at about one-third the
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depth of the fill from its top. Some settlement occurred and the top

of the bank was refilled, overloading it at top and forming a pocket

to retain the water that naturally settled into the pocket occupied by

the masonry. This so softened the earth that it crowded forward, push-

ing the iron viaduct several inches out of line. Movement was stopped

by draining the pocket, building a timber crib around the lower portion

of the first iron pier and filling liberally around the lower portion of

the fill.

The writer has known a case where a culvert became choked up

that drained a small depression formed by a fill about 20 ft. deep

across a steep dry bay in a terrace. This depression had no water ex-

cept a small surface wash in times of rain. This percolated through

the bank or evaporated and caused no trouble for years. One season

5 in. of rain fell in a few hours in that vicinity, the depression filled

up, overtopped the embankment and a washout to the bottom of the

fill developed, emptying the basin in a few minutes. An extensive slide

of the side of the embankment next the basin occurred on account of

the sudden withdrawal of the water. The slide was refilled by gravel

train while the washout was being bridged with a temporary trestle.

Slides of this sort may be expected wherever water is suddenly

removed that has been lying against an embankment.

The writer has known land to creep with more or less rapidity.

This occurs on clayey ground and is sometimes obscure and always

difficult to resist. At bridges its effect is usually to crowd the abut-

ments together. At one point a strong grillage of I2xi2-in. timbers

was built some 2 ft. below base of rail, between the abutments. Anchor

rods were drilled through one of the abutments and anchored to a pile

make-fast in the rear.

Solidifying the ground in front of an abutment, that tends to creep,

by driving it full of piles, is sometimes effective.

The equilibrium of soils composed of clays and quicksands is pre-

carious, and, if disturbed by cutting or loading, trouble may ensue. As

stated in the circular, water is the predisposing cause of earth slips,

and if it is removed by efficient drainage but few slides will occur.

A form of slide in cuts that is very troublesome is the constant

running of certain kinds of earth. This action may be due to springs

in the soil, or simply to atmospheric agencies. In these localities it is

generally of little avail to widen the cuts unless it is done quite ex-

tensive^. The writer has known many attempts to remedy this

trouble by stone, crib or pile revetments. Frost and the conditions

of surcharge generally destroy masonry walls, such as are usually

built. Pile bulkheads decay rapidly. Crib walls of old ties, if well

made and filled with earth, have done good service for a long term

of years wherever the writer has observed them. A better way to

cure this evil is to gridiron the slope with farm tile and cover its

surface with a foot or so of gravel or cinders. The tile is not needed

if the ground is not full of springs. The covering of porous material
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will stop the running of the surface caused by atmospheric agencies

and frost.

The action of water under or around the side of a jam of logs or

ice is very disastrous. It acts like a sluice or hydraulic jet, and no

kind of soil short of solid ledge will withstand its action. Very prompt

work is required if remedial measures are undertaken, and unless dyna-

mite can be used to break the jam one might as well let the water

work its way clear and prepare at once to trestle the break. An in-

cident of this sort occurred at Windsor, Vt, when a log jam forced

the whole flow of the Connecticut River against the foot of one abut-

ment of a railroad bridge, with the result that in a very few minutes

the abutment with its pile foundation and the iron bridge span resting

on it were scooped out and carried downstream.

Another kind of scour, sometimes disastrous to newly built abut-

ments or piers, occurs in mountain streams with beds composed of a

pavement of cobbles and boulders. In founding masonry in such situa-

tions it is very common to cut through the cobble pavement, and the

resulting furrow between the completed masonry and the untouched

paving is commonly left unfilled or filled with trash and loose material.

If a severe freshet occurs within a year or two after such work is

done, undercutting is pretty sure to occur. If several years elapse, with

only moderately high water, the natural action of the stream will re-

pack the furrow with suitable material so that safety will be assured.

In situations like this especial care should be taken to fill the afore-

said furrow with the best of mortar work or concrete.

Where a stream tends to cut its bed in front of a pier or abut-

ment, due to a turn in the channel or other cause, the usual remedy

is riprap. In swift-flowing streams loose rock, however large, is

liable to be carried away. The writer has seen good effects in such

situations from placing large stones with fairly full, smooth tops so

that they formed a regular floor with but little for the water to catch

on. This floor is greatly strengthened by clamping the stones together

with iron dogs drilled into their tops after setting them in place.

A mode of undercutting box culvert and arch walls often occurs

where the floor of the culvert was originally paved with large stone

slabs or plank extending under both abutments. The general tendency

of rapidly flowing streams is to lower their beds. In time this tend-

ency results in leaving the culvert floor rather high for the natural

bed of the stream and the water finds its way underneath. Unsatis-

factory conditions are sure to follow if the trouble is not remedied.

A substantial cross wall at the outlet end of the culvert carried well

below possible wash is effective in stopping this class of undercutting.

A frozen earth floor will sometimes act like a plank floor in causing

undercutting of this type; hence good cross-walks are advisable in all

culverts whether floored or not.

Interesting methods of placing trestle bends in swift water will

be found illustrated and described in the Proceedings Association of
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Railway Superintendents of Bridges and Buildings, 1903, pp. 120-128.

The scheme submitted by Mr. Edinger, Southern Pacific Railway Com-

pany, is well worth examination.

Gunny sacks are mentioned as good material for dams. The

writer submits that sandbags is a better term, as gunny, burlap or

cloth sacks are equally good. Valuable suggestions to a beginner are

to fill the bags only about two-thirds full of sand and to sew the

mouths instead of tying them. Sacks filled and tied so as to be solid

are but little better than stones for making a tight dam.

A common way to prevent sidecutting in alluvial ground in New
England is to drive a pile revetment close to the caving bank. The

piles arc set from 2 to 3 ft. apart. This is far more efficient than

one would expect without a trial. The obstruction of the piles seems

to break up the current just enough to prevent scour.

20. A. W. Thompson (Chief Engineer Maintenance of Way, Balti-

more & Ohio Railroad) :—Undoubtedly more trouble with slides of

large proportions has been experienced by foreign roads than by roads

of this country, and more extensive structures have been built to with-

stand their motion.

Invariably the lesson has been one of drainage, a battle with that

great source of trouble and expense to railroads, water; and in almost

every instance where structures have been built to prevent slipping of

heavy masses of earth without resorting to a thorough drainage sys-

tem in conjunction therewith, no matter how massive, in due time the

power exerted by the impounded water and clay has overbalanced these

powers of resistance and they have been swept away.

Practically all of the available literature on this subject treats of

specific cases, and it is evident that such would be the condition, as

the only factor common to them all is to conduct away the water, and

the manner in which this is accomplished is different in every instance,

but the one vital fact which has been well established is that nothing

will be permanent unless freed from the effects of water. This is

evident on every hand, from the leaning piles and bulging walls seen

at the foot of every small sliding bank full of spring holes and im-

pounded water to the immense structures built by the Paris, Lyons &
Mediterranean Railway, near Conliege, which proved futile, even though

assisted by a drainage system, and the building of piers to solid rock

was finally adopted in conjunction with thorough drainage.

Slides and slips vary in importance and magnitude, from the almost

imperceptible but constant movement of wide acres of materials, a well

appreciated geological factor of the gradual transfer of material from

the land to the sea, to the quick slips in the faces of small bank-

composed of some form of clay materials, after a heavy rain or during

the spring thaws.

It is now a well-known fact that clay, after a certain per cent, of

saturation, becomes impermeable to any increase of water, is very

plastic, and will remain in this condition so long as it is not dried.
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and will even stand the washing of water down the slope, when ex-

posed to the weather, assuming a slope of one to three. The cause

of plasticity of clays has been an open question for many years, many
different theories having been advanced, but no definite conclusions

reached. Clay once dried, after having been saturated, loses its plas-

ticity and will crumble and flow like water. So the face of banks com-

posed of clay materials, thoroughly baked by long exposure to the

sun, then suddenly exposed to heavy rains, will wash and flow badly,

while in many cases clay faces have stood vertically so long as the

proper per cent, of saturation was maintained. As a general rule, the

red clays are the most plastic and are those carried by glacial drifts

or water to the bed where they are found, while those clays contain-

ing a larger per cent, of sand particles will slide the least. Several

instances of heavy structures to prevent serious slides in this country

are on record, notably the following: Chicago & Northwestern Rail-

way in viaduct near Boone, Iowa ; Canadian Pacific Railway, Fraser

River Valley, B. C. ; Northern Pacific Railway, Bismarck bridge across

the Missouri River; White River Railway, Tunnel No. 3, Ozark Moun-

tains, Omaha, Ark. All of these slides require costly and radical

methods to cure them, but the more generally encountered soft spots

aftd unstable fills and cuts in regions of a general clay character have

not been so generally treated, the most notable examination and record

of these smaller troubles having been made by W. M. Dawley, Division

Engineer, Erie Railroad (see Proceedings, Vol. 8, pp. 541-547), and the

success attained by thorough drainage systems warrants the undertaking

of similar remedies on other roads.

A recent record from what is known as the "Slide Country," on

the west bank of the Mississippi River, a few miles north of Daven-

port, Iowa, shows a large section of land sliding slowly into the

river, and affecting the roadbed of the Iowa & Illinois Railway, an

interurban electric line, and the Davenport, Rock Island & Northwest-

ern Railway, a steam line. The depositing of heavy riprap and also

the driving of piling proved of no avail in stopping the movement,

each being eventually carried away, and not until deep ditching below

all water was tried were any satisfactory results obtained. The ditch-

ing parallel to the road for 200 ft. on the uphill side was carried to

bedrock, 16 ft. deep in some parts, and tile laid in a slot cut in the

rock. Cross-drains were also laid and all filled with cinders. This

kept the soil much drier under the track and very little movement

has since taken place.

Slips occur not alone in clay soils, but on inclined rock surfaces

supporting any kind of material, providing the water has an oppor-

tunity to flow along the face of this rock. Even in rock cuts on the

side on which the strata is inclined away from the track, seepage

from the slopes will gradually eat its way into the different layers and

eventually induce a slipping of the materials.
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The ordinary cases, such as we find on the Washington Branch of

the Baltimore & Ohio Railroad, will be covered by one of the follow-

ing classes :

(i) Small irregularities of surface of subgrade where character

of soil is such that it will hold water.

(2) Building new shoulder of clay or other impervious material,

impounding surface water which will follow the grade until it meets

with an obstruction or reaches a sag of grade.

(3) Settlement of track in wet cuts or over fills during soft

thawing weather, forming a trough in the subgrade along which drain-

age or rainfall penetrating the ballast will run until meeting an ob-

struction.

(4) Construction of new second track or siding by filling the

old ditch, leaving a pocket to collect water, which will soften up the

roadbed on both sides.

(5) Sinkholes where an embankment has been built across a

swamp and settlement occurs without lateral deformation of the bank.

Of all these classes the fifth is the hardest with which to cope,

and often requires a constant filling until the embankment contains

enough material and has sufficient area of base to support the track

over the marshy ground. Drainage cannot be of value unless laid

below the water-bearing soil and the water given an outlet, which

would be impossible in most cases of this kind.

In all of the other four cases experience has taught that tile as

usually laid is not an adequate remedy. It is soon pushed out of place

and filled up. The proper procedure is to excavate deep trenches, fill

with a bottom layer of cinders for a few inches, then laying the tile

or a French drain of stone, then covering with cinders to fill the trench.

It is well known that cinders will not mix to any extent with

clay, a well-defined line between the two materials always being found,

with the clay showing a penetration of only an inch or so, while with

gravel, stone slag or chats it will be found that the clay has worked

its way through the whole mass.

With the heavier traffic now put on our roadbeds, both in number

of trains and weight, it becomes imperative that the roadbed should

be given more attention. The perfection of drainage of roadbed has

not kept pace with the advance in design of rolling stock, and the

heavier motive power with higher speed intensifies the effect on the

roadbed, churning the materials over wider areas and creating new soft*

spots that formerly withstood the lighter traffic.

A big item of expense above the average is incurred by the con-

stant attention necessary to preserve line and surface on soft spots or

slides, and in many cases requiring a watchman both day and night.

In each of the above classes the remedy is to construct a main

cinder-filled trench parallel with the roadbed with cross cinder-filled

trenches of smaller dimensions, being sure the bottom of each trench

is well below the pocket to be drained, the number of the trenches

being determined by the behavior of the bank, but in most cases at
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least every 50 ft., inserting one extra wherever a soft spot develops,

but it is almost safe to say that in no case will a wall or piling unas-

sisted by a drainage system be a permanent cure.

A thorough inspection should be made of each case and the con-

dition of water pockets determined by digging cross drains at the

time of construction of the system to be installed.

The banks along the Washington Branch invariably show the

Coastal Plain formation of ferruginous clays and unconsolidated sands,

having very little cementing or holding value in their mixed state, and

upon the application of water will separate more quickly and mash

much more easily, even, than pure clay. These deposits are probably

of the nature of surface sand and mud accumulations on the bottom

of the sea, and, according to the Maryland Geological Survey classi-

fication, belong to the Potomac group of the Jurassic age and of the

Arundel and Patuxent formations ; the Arundel formation showing the

interbedded clays with iron ores, and the Patuxent formation the inter-

bedded sands and clays. The dip of the beds generally is about 40 ft.

to the mile southeastwardly. These two formations appear in a nar-

row belt following well the line of the Baltimore & Ohio Railroad

from Baltimore to Washington, being the landward margin of the

Coastal Plain and lying directly on the rocks of the Piedmont plateau.

These clays are highly carbonaceous, containing vast quantities of iron

carbonate, which gradually undergoes a change to the hydrous oxides

of iron, giving the material its red color. The Arundel clays are

moderately silicious and highly plastic in the purer forms, while the

sandy Patuxent clays are of the quality best adapted to the coarser terra-

cotta productions, but these clay banks present conditions easily affected

by water, and when it occurs in spots in the pure form it becomes

impervious, forming pools, as in a railroad embankment where con-

stant churning by passing traffic would tend to soften and spread it

laterally. This impact or tremor from passing traffic constantly in-

creases settlements, and the bearing power of a clay bank or pocket

is an extremely variable quality. Safe pressures are one-half ton per

square foot on moderately damp clay to 2.V-1 tons on compact dry clays.

According to the conclusions of Mr. O. E. Selby, Bridge Engineer of

the Big Four Railroad (see Proceedings, Vol. 8, pp. 52-59), the load

on subgrade from a 50,000-lb. axle load, which is 10,000 lbs. less thay

the E-60 specifications, with 12 in. of ballast under ties, is 2.4 tons.

From this is plainly seen the liability, yes, the probability, that in most

cases we are exceeding safe carrying loads on subgrades, and certainly

putting a burden upon it far beyond its power to endure. Attention

should be given to the matter and better design made in order to obtain

full value for all the material used for ballast, making each unit con-

sistent, not neglecting one to the disadvantage of the other, for the

weakest link in the chain represents its ultimate strength. No matter

how perfect the ballast, line and surface will not be maintained unless

something stable is provided to support that ballast.
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In conjunction with the construction of any drainage system should

be undertaken the protection of the face of the bank from waste by

rains and frost heaving. Good sod-forming grass should be grown

to accomplish this, and the Southern Railway has had some success

with the Volunteer or Japanese honeysuckle planted for this purpose

in the banks of their roadbed along the Potomac River south of

Washington. The plants were set out in parallel horizontal rows

about 10 ft. apart up the slope of the cut. They were obtained from

other points on the line and the work of setting them out was in-

cluded in regular work of sectionmen, so no figures as to cost of

same are available. Experience with this plant shows that a period of

five or six years will elapse before any material advantage is derived.

Bermuda grass is an excellent grower if taken from the sod and

protects the banks well, but owing to the high price of the sod, and

the difficulty of obtaining a good stand from seed, it would not prove

economical for general use.

There would be nothing superior to Witch or Quack grass for

strong sod-protecting qualities, but farmers would seriously object to

having this planted adjoining any cultivated fields, as it spreads quickly

and is very persistent. In places where this grass could be used it

would cost approximately $1.20 per acre to cover a bank, including

seed and labor. Therefore a bank 9 ft. deep, slope 1 in 1V2, could be

sodded for approximately $5 per mile.

Probably the grass best suiting conditions found along the Wash-

ington Branch, both as to soil and adjoining cultivated country, would

be the redtop. It also thrives in this climate, is very aggressive,

grows well from seed and has sod-forming underground roots or

rhizomes, producing a good surface mat, and grows well in clay soils.

It would in no way be objectionable from spreading to nearby fields.

The seed costs 7 cents to 9 cents per lb. and it requires 8 to 12 lbs.

per acre. One man can sow five to six acres per day, making, an

average cost of about $1.05 per acre. On a 9-ft. bank, sloped 1 in 1V2,

this would cost $4.20 per mile to sod both banks. This also adds to

the neat appearance of the roadbed, and would have appreciable value

as an advertisement and an influence on traffic on a line handling an

important passenger business.

To surface the banks with a material containing a large per cent,

of loam would assist in the growth of a grass, but it would add con-

siderably to the cost per mile, because of the expense of labor involved,

and much of it would very likely be wasted away during rains and

before the grass roots were sufficiently formed to hold it in place.

Good results have been obtained with redtop in clay soils without

further dressing. But it should be well understood that simply grassing

clay slopes without carefully constructed underdrains in sufficient num-

ber will not prevent slipping and movement. It will be a great ahl

against the surface effects of a rain, and of freezing and thawing, but

ditches only will properly care for the body of the rainfall.
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In the light of present-day experience a thorough and exhaustive

trial should be given of the suggested drainage methods. The addi-

tional expense put into this work will be more than offset by lessened

maintenance of tracks proper, and the importance of the question alone

fully warrants the expenditure necessary for a more thorough and ex-

haustive test than has yet been attempted.

The following photographs have been taken of some of the most

serious movements of both banks and roadbed reported from the

Baltimore Division between Baltimore and Washington. The general

method of treatment suggested in these cases is applicable to every case

that is giving trouble at present on this district.

VIEW NO. I.

Mile Post 2.7.

Fill west of Mt. Winans.

View looking east toward Mt. Winans.

Westbound track affected for 60 ft.

Caused by water confined in clay embankment.

Approximate cost of maintenance per year, $350.

Yearly maintenance capital at 4 per cent., $8,750.

This slip west of Mt. Winans occurs in material originally taken

from the cut next west, and the embankment is composed of clay soil

common to that region. The surface of the old bank has been covered

by cinders and material brought from city excavations and general

cleanings. Such is the material piled along the side to form a new
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shoulder, and this is a very evident case of class No. 2, where the use

of such impervious material in the shoulder is forming a pocket under

the tracks, even though it may be cleaned to a certain extent and de-

posited on the slope.

The location of the present slip, where the material has spread

out laterally, can be easily seen just this side of the man sitting on

the left bank.

At the time of examination the surface of the water was very

little higher than the ground on the opposite side and the railroad

bank was not acting as a dam.

It is recommended that transverse drains be put under track as

often as required. The number necessary will be determined by exam-

ination of the bank when opened to lay the drains, but no more than

two should be necessary at present. Perhaps one, with a short longi-

tudinal drain, will be all that is required. The end of the tile should

be above the surface of the water in the pond, cinders first laid in the

ditch, then the tile, and the ditch filled with cinders.

The estimated cost of two transverse ditches so laid is as follows

:

Excavation, 35 cu. yds., at 50 cents $17.50

Trench bracing, 105 ft., at 15 cents 15-75

Cinder refilled in place, 35 cu. yds., at 20 cents.... 7.00

8-in. tile, 105 ft., at 4 cents 4.20

Engineering and contingencies 4.45

Total $48.90

Taking Washington Branch maintenance as an average applicable to

this locality for comparison, and selecting the following sub-accounts

pertaining to maintenance, we deduce for usual cost per foot as fol-

lows (these figures are for fiscal year ending June 30, 1908) :

10 per cent, of cost of applying ballast $ 902

Main track maintenance 23,903

Care of roadbed 13,613

Patrolling and watching 3J95
10 per cent, of train service 606

Total $42,219

For the 31 miles covered by these figures this gives 26 cents pei

foot of roadbed, and this figure will be used in comparison with the

cost of maintenance of slips and slides as reported from the division

offices.

In the above case 60 ft. is affected, the ordinary maintenance of

which would then cost $15.60.

Cost of maintenance of slope per year $ 350.00

Ordinary cost of maintenance, same length.... 16.00

Difference $ 334.00

Capitalized at 4 per cent 8,350.00

First cost of construction 50.00

Interest at 4 per cent 2.00

Yearly saving 332.00
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No account is taken of depreciation or renewal, as this would be

such an extremely small figure, and tile under above conditions should

have an indefinite life.

It is recommended that a trial be made of tile laid in cinder-filled

trenches, covered to a depth in all cases below the water-bearing pocket.

Close examinations to be made at time the work is done.

VIEW NO. 2.

i. Mile Post 24 to 25.

2. Heavy cut east of Muirkirk.

3. View looking west toward Muirkirk.

4. Shows two steep and constantly washing banks, which fill ditch

and stop drainage.

5. Approximate cost of maintenance per year, $800.

6. Yearly maintenance capital at 4 per cent., $20,000.

View No. 2 is another good illustration of banks that were not

taken out with sufficiently flat slope, considering the material of which

they are composed. In the foreground in the right-hand ditch can be

seen a mass of earth which has slipped from the bank and is holding

the water back. This view was taken in the dry season in the latter

part of August, and from it can be drawn a picture of the worse

conditions during seasons of frost heaving or heavy rains.

The banks are badly gullied, and on the top edge can be seen the

overhanging sod and brush, which generally breaks off and works down

the bank.
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This picture shows the inconsistency of the subgrade or foundation

compared with the improved superstructure. Unquestionably the banks

should be graded to a lighter slope, but this would be an expensive

undertaking and interfere considerably with traffic, and it is recom-

mended that deep berme ditches be constructed on grades which will

insure quick flow of water. These ditches should be located back

from the top of slope such a distance as will allow of the slopes be-

ing flattened, if found essential in the future. Lateral cinder and tile

ditches carried below the proposed future slope should be laid down
the face of the bank to a well-constructed cinder ditch in the roadbed

proper. The banks should then be sodded with redtop, which takes

well from seed and is less costly than Bermuda grass, which, to be

grown successfully, should be propagated from tufts of the sod planted

18 in. or 2 ft. each way.

To protect both banks of this cut, which is about a mile long, in

such manner, would cost approximately as follows

:

Excavation, 4,oco cu. yds., at 50 cents $2,000
8-in. tile, 3,120 ft., at 4 cents 125

Cinder refill, 4,000 cu. yds., at 20 cents 800

Sodding slopes, 14 acres, at $1.05 15

Engineering and contingencies 298

Total $ 3,238

Yearly cost of maintenance 800

Capitalized at 4 per cent 20,000

Interest on first cost remedying 130

Yearly saving 670

21. Robert Trimble (Chief Engineer Maintenance of Way, N. W.
System, Pennsylvania Lines) :—Our experience with slides has proven

the necessity for as complete drainage as possible, and for slopes flat-

tened to such an extent as the character and inclination of the materia!

and the depth of cut or fill shall call for.

22. Edwin F. Wendt (Assistant Engineer, Pittsburg & Lake Erie

Railroad) :—The Pittsburg & Lake Erie Railroad Company has an

embankment at Stoops Ferry which gave a great deal of trouble by

virtue of settlement for 25 years. Attached is a photograph which was

taken April 4, 1907, at the time when we were compelled to operate only

two tracks out of four.

At the point in question the Ohio River is deep enough to afford a

good harbor at all seasons of the year for the storage of coal boats.

The hillside is a rock bluff. Our tracks, especially the third and fourth

tracks, would settle every day. Finally it became impossible to keep

the third and fourth tracks in service for traffic and their use was

abandoned temporarily. It was useless to continue to unload gravei,

sand or ashes for the purpose of keeping the tracks in surface, as the

material would slide out as fast as unloaded. As far as drainage is
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concerned, no streams of water could be found under the embankment.

We felt sure, however, that there must be underground streams follow-

ing the rock.

In order to cure the trouble we unloaded hundreds of cars of riprap

stone and placed the same by hand as far out into the river as circum-

stances would permit, so that there would be a large bed of rock at

the toe of the slope to sustain the embankment. The remedy was effect-

ive ; the troubles of 25 years were cured ; the expense ran into thousands

of dollars, but we have to-day a four-track railroad which can be regu-

larly operated.

23. W. D. Wiggins (Engineer .Maintenance of Way, Pennsylvania

Lines) :—As stated in the Committee's circular, slides of embankment are

endless in variety and magnitude. They do not always occur in wet

weather, as stated. We have many embankments which settle and slide

during dry weather, although the cause of the slides may possibly be

ground water.

One of the worst cases of sliding embankments was that on a sharp

curve about one mile west of Dinsmore. The embankment at this point

is about 30 ft. in height and located on a sharp curve on a hillside with

a slope of 20 degress. A small stream flows down the ravine in the

face of the hill and passes through the embankment through a 36-in.

cast-iron pipe culvert. The lower half of this embankment had been

settling and sliding for years. Two rows of piles were driven on the

down-hill side of the embankment a number of years ago in an attempt
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to slop the movement. For some years this was partially successful, as

the movement decreased in amount, but did not cease altogether, and

more or less attention was required every year to keep the tracks in

line and surface. These piles rotted off about two years ago, and the

embankment began sliding to such an extent as to break the cast iron

pipe culvert, after which a large part of the water entering it soaked

into the embankment instead of running through the culvert. It became

necessary to at once rebuild the culvert, which was done by supporting

the tracks on temporary trestles and excavating the embankment to the

level of the culvert, about 30 ft. below the tracks. A new circular con-

crete culvert was constructed, supported on a wide concrete foundation

on piling. When the embankment was opened, stone ballast was found

20 ft. below the level of the rails. Clay and other filling material had

been unloaded on the sides of the embankment, so that the ballast

acted as a reservoir for water which soaked into the embankment from

the sides and top. Two small tunnels were driven entirely through the

embankment and filled with riprap. When these tunnels pierced the

core of the embankment, water gushed out for several hours in a stream

large enough to fill a 12-in. pipe. These tunnels keep the embankment

drained and no trouble has been experienced since the work was finished,

something over a year ago.

Two other slides of the same character occurred in the embank-

ments east of Jewett and were stopped by driving tunnels, or drains,

into the embankment and filling them with riprap. Many other slides

of the same character have been stopped in the same way on this

division during the past ten years. The writer has noticed many settle-

ments of track in gravel ballast, due to the squashing of the ballast

from under the ties during the spring, or spells of wet weather. Some

of these have been stopped for a time by laying tile under the track

and carrying the water away from the bad places. It has been my
experience that tile, in time, becomes blocked and inefficient. The

writer thinks that the only effective way of correcting troubles ' of

this kind is to excavate the roadbed to a depth of about 3 ft. below

the track and fill in with good material.

Many slides in excavation on this division have been stopped by

sloping and sodding the cuts and providing a proper system of under-

drainage, consisting of tile and ditches filled with cinders and stone.

Where the slide is of considerable depth—such as the one which occurred

west of Reed some years ago—the proper remedy is to drive a tunnel,

or heading, into the face of the cut and fill the same with stone. The

face of the cut should then be sloped and sodded. The cut at Reed

is about 40 ft. in depth, and bulged to such an extent as to block the

ditches and threaten the track. The material is clay, and the cause

of the slide was a spring in the embankment. The heading was driven

about 50 ft. into the slope, following the spring some distance into the

hill. Two other slides of the same character, about one mile west of

Reed, were stopped in this way.
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A slide in excavation of another character was that at Sand Cut, 5

miles east of. Newark. This cut is about 35 ft. in depth, through fine

sand, which is ordinarily dry and does not cause trouble, but after a

period of wet Weather becomes saturated with water, at which times

it would bulge out and flow down the face of the cut, covering the

track to a depth of two and three feet. The tracks and roadbed would

sometimes be lifted by two or three feet. The cut was finally sloped

3 to 1 and sodded, the sod being held in place by stakes and boards.

After the sod became firmly rooted no further trouble was experienced.

This cut is about one-half mile in length and cost the company several

thousands of dollars. It is the writer's recollection that about 30 acres

of slope were sodded.

A slide of another character was the one which occurred at Point

Bridge about 6 years ago. This slide was caused by cutting away the

toe of an old landslide, which started anew and covered the four tracks,

and extended out into Carson Street. The slide was about 100 ft. in

length and 200 ft. in height. About 100,000 cu. yds. were removed by

steam shovel before the material ceased to come down. There was no

way to stop this slide.

A slide of another character was the one which occurred on the

P. W. & K. R. R. at Middle Ferry two years ago. The railroad at this

point is located 30 ft. above the Ohio River, on a hillside, with a slope

of about 45 degrees. The material in the hill is rock, overlaid with

about 20 ft. of clay. A traction line was built on a ledge about 20 ft.

above the railroad track. In constructing this traction line the hillside

was opened, allowing the drainage from above to soak into the hillside

and saturate the clay. This finally resulted in the entire mass of clay

on top of the rock sliding out, carrying about 1,500 ft. of track with it.

The track settled about 15 ft. vertically and 30 ft. horizontally. There

was, of course, nothing to do but construct a new embankment on top

of the slide. This was done, and it held very well for about a year,

when it again slipped out. The embankment was again restored and

no trouble has been experienced for over a year. The slides occurred

after a period of high water in the river. No sliding occurred while

the water was high, but when the river receded the hillside went with it.

Many washouts have occurred on this railroad, due to high water

in the streams crossed by it. They were repaired by rebuilding the

embankments with such material as could be obtained. At such times

nne cannot wait to obtain material best suited for the work, but must
use anything at hand. Afterward the embankments have been strength-

ened and protected with riprap. East of Coshocton the embankment
along the Tuscarawas River was protected during the high water by
filling in with gunnysacks filled with sand, which protected the material

in the embankment from scour. During the flood of 1898 some of the

embankments were rebuilt at once ; others which were of considerable

height were replaced with temporary trestles, which were afterward
filled and raised above the highest water mark on record.
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24. J. E. Willoughby (Engineer of Construction, Louisville &

Nashville Railroad) :—It is the writer's experience that slides occur

(a) during the construction and seasoning of the roadway; (b) and

afterward in apparently sound slopes of cuts and from sound embank-

ments, due usually to inflow of water and to trembling of the earth from

passing trains.

Those slides occurring during the construction and seasoning of

the roadway exhibit the phenomena of

:

(1) A mass of material, the upper portion of which is compressing

a lower saturated portion and moving upon and with the saturated por-

tion to a lower level

;

(2) A mass of material generally open and porous moving to a

lower level upon an underlying saturated stratum, which stratum may at

times be very thin—less than one inch in thickness;

(3) A mass of material moving to a lower level upon a stratum

inclined, as in track, to an inclination greater than the angle of repose.

The phenomenon of an embankment settling of its own weight

vertically on a level ground by the compression of strata beneath the

embankment the writer does not regard as a slide.

Whenever the slide becomes of that magnitude as to become an

avalanche there is no cure at a reasonable cost, and the economical

construction of permanent roadway can be attained only on a changed

location of the center line of roadway.

Slides developed during the construction and seasoning of the road-

way other than the avalanche are subject to cure. The remedy varies

somewhat with the nature of the slide. A general rule for all classes

of slides is to divert from the locality of the slide as much surface

water as practicable and all underground flow that can be readily

reached. The diversion may be made in open ditches to be constructed

watertight where necessary by puddling or by a lining of plank or of

half section of tile; or the diversion may be made through pipes or

through wooden flumes.

The cure of slides class (1) involves merely the drainage of the

lower saturated portion of the moving mass. This is most economically

done by the construction of open ditches to be refilled with broken

stone. In cases where the saturated stratum is deep below the surface.

a limited amount of tunneling may lie economical instead of the open

ditch. The stone back-filling need be made only to that depth which

will insure sufficient crevices to provide a free flow from the slide. It

will not be practicable to use pipe drains or masonry in slides of

class (1).

The cure of slides of class (2) may be accomplished: (a) By drain-

ing the saturated stratum, if it be of considerable thickness and within

easy reach, after the method for curing slides of class (1) : or by dry-

ing the saturated stratum when easily reached with great fires burned

in open ditches dug into the stratum; (b) by breaking up with ex-

plosives the strata underneath the saturated stratum so as to permit
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that stratum to drain into the depths of the earth; (c) by binding the

mass above the saturated stratum to the strata below either with piles

or with retaining walls.

Where piles are used in method (c) the work may be made per-

manent by using piles of concrete or creosoted wood. The use of green

wood piles often secures a permanent cure by holding the sliding mass

in one position until, by reason of the escape of water from the satu-

rated stratum or by some new adjustment of the material in the interior

of the slide, the renewal thereof does not occur on the rotting away

of the green wood piles. Where retaining walls are used in method

(c) the foundation of the wall must be on the strata underlying the

saturated stratum. The wall should be securely anchored with dowel

pins to strata upon which it is founded.

The cure of slides class (3) is in the construction of retaining

walls where the slides occur in roadway cuttings through inclined strata.

Where slides of class (3) occur in the ground beneath new embank-

ments, due to the added load of the embankments, the cure is to cut

through the sliding material to stable strata and construct thereon

retaining walls.

The accompanying drawing shows a retaining wall which was con-

structed on the Kentucky Division to hold the ground upon which the

embankment was to be built from pushing out and filling up Rockcastle

River. Underlying the sand and loose rock of the surface there was a

stratum of blue mud 7 ft. in thickness. The stratum was wet. The

object of the retaining wall was, in part, to hold this stratum in ils rela-

tive position when the new embankment was constructed upon it. Two
ditches were dug into the stratum and filled with loose stone. This

enabled the stratum of mud to permit the water falling upon the surface

above it to pass through into the sand and gravel beneath it.

In undulating country the cheapest method of curing slides is gen-

erally, as suggested by Mr. Fisher, to permit the slide, when in embank-

ment, to take its course and refill by steam shovel to sub-grade. But

this is not generally the cheapest method in a mountainous country

where the roadbed may be from 100 to 200 ft. above the valley with

steep mountain side below. The added weight of the steam shovel mate-

rial may of itself be the cause of new slides and avalanches.

Slides occurring after the construction and seasoning of the roadway

do not usually present complicated engineering problems for their cure,

although they may be the cause of great accidents to moving trains.

Such slides are generally slips from slopes of cuts toward the track

or slips from embankments away from the track. The cause is water

and the trembling of the earth, due to passing trains. The cure in

embankments is drainage through open ditches refilled with broken stone.

The cure in cuts may be accomplished by cutting ditches into the slopes

and refilling with stone and by the construction of retaining walls at

the toe of the slope of the cuts. It often happens that the material

from which slips in cuts take place is so nearly stable that a very light

toe wall will make the slope stable.



1092 ROADWAY.



ROADWAY. 1093

In connection with the foregoing it is to he remembered that the

suggestions above are intended to cure slides by supporting and treating

the unstable part thereof and do not contemplate the removal of the

slide itself by digging it away with a steam shovel. It is often cheapest

to dig the slide away. In the adoption of any of the suggestions above,

or any combination of them, the engineer must obtain information as

to the real condition of the slide and must exercise his judgment as to

what treatment that particular slide needs.

25. R. C. Young (Chief Engineer, Lake Superior & Ishpeming Rail-

way) :—The writer desires to recite specific instances of slides in cuts

and their cure : The first was a clay and quicksand cut about 30 ft.

deep that gave us a great deal of trouble. Upon examination we found

a very wet swamp about % mile distant at a higher altitude. After

draining the swamp with a surface ditch the cut gave no further trouble.

The second was a sidehill cut about 70 ft. on the upper side and

7 ft. on lower side. The cut was excavated to the usual slope, but after

track was laid it could not be kept in place, but was shoved 6 ft. out of

line. An attempt was made to excavate the soft material with wheel-

barrows, putting canvas in the barrows to hold the material. This

method not being successful, we took a steam pump from our pile

driver and placed it at a small stream near by, then ran a temporary

pipe alongisde of the track with several hose connections convenient to

the work. Two men then played upon the base of the slope with jets

from i
JA-'m. nozzles, and in ten days had excavated the cut 25 ft. from

the center of the track. The cost of the excavation was $100. A wall

4 ft. high was then constructed ten feet from the center of the track

and a 6-in. drain tile placed at sub-grade back of the wall. The space

behind the wall was then filled with cinders level with the top of the

wall. The effect of this was that the sliding material became dry and
kard as soon as it came in contact with the cinders, and finally formed
a dry hard bank that effectually holds back the soft material. This

work was done in 1898 and is still in good shape.

We had one other sidehill cut with quicksand in the bottom only.

When the quicksand strata was cut by the excavation the sand ran out,

causing the whole sidehill to slip; this was cured by a simple tile drain

which took the water from the quicksand strata and stopped the sliding.

Referring to the matter of washouts, there is one cause in the

North that has not been recited in the Bulletin, viz., in the winter, where
the snowfall is. heavy, the surface and cut ditches as well as all natural

drainage become filled with ice, so that when the snow in the forest

is melted by the warm spring rains the water cannot run in its natural

channels and becomes very destructive. The writer has as yet found no
remedy for this character of washouts.



Appendix D.

SURFACE AND SUB-SURFACE DRAINAGE OF EMBANKMENTS
AND EXCAVATIONS, AND TILING OF WET CUTS

AND CURING OF SLIDES.

On the subject of Surface and Sub-Surface Drainage and Tiling

of Wet Cuts, your Committee considers efficient drainage to require

:

(i) That all water be kept from the roadway that it is possible to

keep away.

(2) That such water as cannot be kept away be quickly removed.

To attain efficient surface drainage the Committee is of the opinion:

(a) That surface intercepting ditches should be constructed on the

up-hill side of all cuts where ditches may be opened without becoming

the proximate cause of slides to the track.

(b) That open ditches should be constructed along and near the

toes of the slopes of such embankments as rest upon soils which may
become unstable if saturated, for the purpose of intercepting and diverr-

ing from the surface upon which the embankment res*s the water flow-

ing toward the embankments.

Cc') That occasionally drain pipe may be constructed along and

near the toe of slopes of such embankments as rest upon soil which

is unstable on account of saturation and where the open ditch of (b)

will endanger the embankment.

(d) That open side ditches be constructed in all cuts.

In constructing ditches on the slopes of hillsides above cuts it is

advisable to make the ditches of as small cross-section in excavation as

practicable. This insures less cost in the first construction and lessens the

probability of the ditch becoming a score or notch for starting slides

toward the track. The ditch should be located on a grade at a minimum

distance of ten feet and maximum distance of twenty-five feet from the

outer slope of the cut. The material excavated from the ditch should be

deposited on that side of the ditch nearest the railroad. In crossing

the light depressions in the hillsides, levees may be constructed and the

hillside filled in above the levee so as lo bring its surface up to the

grade of the ditch. The top surface of this fill may be of puddled (.lay.

This is to prevent water from accumulating and standing on the hillside

above the cut.

In constructing a ditch along and near the toe of slope of an

embankment built upon unstable soil, the ditch should be of as great a

depth in excavation as economy of construction warrants so as to aid

in drying out the unstable soil and in removing such water as will reach

the same by percolation through the embankment. It must be remem-
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bered, however, that cutting deep ditches for protection of an embank-
ment constructed on a hillside is open to inc aanger of causing slides to

begin which may carry the entire embankment aivay. Ditches constructed

along the toe of embankments should have the slope of the ditch nearest

the track at least ten feet from the toe of slope of embankment. In

some cases, where an open ditch would endanger the embankment, as

referred to in (c), a drain pipe in trench backfilled with cinder may
accomplish the desired drying out of the unstable soil and at the same
time retain the support of the embankment of the soil outside the draia

Your Committee recommends that the minimum interceping ditch

be one foot deep and one foot wide on the bottom, with slope to suit

the soil.

The minimum grade for intercepting ditches should be 0.30 per

cent. If the grade of any ditch necessarily be so great that water

flowing through it threatens quick destruction, paving 'may be necessary.

Side ditches should be provided in cuts whether the subgrade be

in rock or earth. The ditches should be so located as to provide the

standard roadbed of 20, 16 or 14 ft., as heretofore adopted by the Asso-

ciation. The minimum side ditch should be one foot wide on the bottom

and one foot deep below subgrade, with slopes as adopted in article

5 of the standard specifications.

The minimum grade for side ditches should be 0.30 per cent. If

the- rate of grade of the track in any through cut is less than 0.30

per cent., the cut may be widened to permit side ditches to be con-

structed on 0.30 per cent, grades, or drain pipes may be laid to proper

grades below the ditches and to any available outlet.

Your Committee does not favor open side ditches in tunnels, but

suggests some method of pipe drainage.

Your Committee regards the cleaning out and repair of intercepting

ditches and side ditches in cuts as a necessary feature of the main-

tenance of way.

The roadbed when made of clay in embankment should often be

altered when reballasting by cutting the shoulder down outside the ties

to allow thorough drainage of the depressed ballast and a new shoulder

formed of porous material.

Efficient sub-drainage of wet cuts and of saturated soil upon which

embankments rest may be attained by the use of pipe drains.

Pipe drains should be constructed for the quick discharge of such

surface and underground water as it may not be practical to intercept.

The pipe should be laid with the track and immediately below the center

of the side ditch in cuts and about ten feet from the toe of slopes of

embankments, and on grades of not less than 0.20 per cent.

Care should be taken to locate the pipe at such depths that no dis-

placement will be made in the alinement of the tile by the subsidence of

the roadway under traffic. To this end the trench in which the tile is to

be laid should be dug down into a motionless strata underlying the

saturated material which it is desired to drain. The trench above the
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pipe should be completely filled with cinders or other porous material

which filters the water and aids its passage to the pipe and prevents the

intrusion of the saturated material under pressure of traffic.

A water pocket beneath track may be drained by small cross drains

laid in cinder-filled trenches, or by trenches filled with cinders, gravel

or similar material.

Your Committee recommends that no pipe be used with an inside

diameter of less than 6 in., except for cross drains. It will rarely be

necessary to use sizes larger than 12 in. inside diameter. The pipe

should be hard burned, but not necessarily salt glazed. The trench into

which the pipe is laid should not be made larger than necessary for the

economical digging of the trench ?nd laying of the pipe.



DISCUSSION.

Mr. George H. Brcmner (Chicago, Burlington & Quincy) :—Your
Committee was instructed by the Board of Direction during the past

year to consider a number of items, including track elevation and

depression, waterways for culverts, slides and washouts, tiling of wet

cuts, surface and sub-surface drainage of embankments and excavations.

The Committee was divided into five sub-committees, and each of these

sub-committees considered one of the subjects allotted by the Board
of Direction, and the results are embodied in the report in Bulletin

108, giving the action taken by the Committee on the various subjects.

We ask you to adopt our conclusions, and will be glad to give you any

information you desire as to how we reached these conclusions.

The President:—This is a very valuable report and we should have

some good discussion on it. The Secretary will read the conclusions

regarding waterways.

The Secretary:
—"Waterways.— (i) In determining the size of a

given waterway, careful consideration should be given to local con-

ditions, including flood height and flow, size and behavior of other

openings in the vicinity carrying the same stream, characteristics of the

channel and of the watershed area, climatic conditions, extent and

character of traffic on the given line of road and probable consequences

of interruptions to same, and any other elements likely to affect the

safety or economy of the culvert or opening.

"(2) (a) The practice of using a formula to assist in fixing the

proper size of the waterway in a given case is warranted to the extent

that the formula and the values of the terms substituted therein are

known to fit local conditions.

"(b) Waterway formulas are also useful as a guide in fixing or

verifying culvert areas where only general information as to the local

conditions is at hand.

"(c) The use of such formulas should not displace careful field

observation and the exercise of intelligent judgment on the part of the

engineer.

"(d) No single waterway formula can be recommended as fitting

all conditions of practice."

iMr. J. P. Snow (Boston & Maine) :—In connection with this sub-

ject, is there a formula given to determine the size of waterways? I

assume that formulas are not to be eliminated by the insertion of these

conclusions in the report.

Mr. Bremner:—It was not the intention of the Committee to burden

the Manual of Recommended Practice with a long list of formulas and

rules for determining ihe size of waterways. We expected that our
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report would be published in the Proceedings and be available in that

form to anyone who wished to study the subject. The sub-committee

under Prof. Pence has given us some very valuable formulas and con-

clusions on this subject. If I understood Mr. Snow's question, we have

not intended to include formulas in the Manual of Recommended
Practice.

Mr. Chas. S. Churchill (Norfolk & Western) :—In connection with

paragraphs c and d, I wish to recommend that the Committee con-

tinue further investigation of a comparison of formulas with the idea

of putting them alongside each other in such a way as to show wherein

they harmonize and wherein they do not. The formulas are published

now by the Committee in such a manner that it is not easy to make
such a comparison ; and I think that it will be found, through the

information that will be furnished to the Committee by its sub-com-

mittee, a means of making such a comparison and bringing out the

conclusions next year.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :

—

I do not find that the Committee has taken notice of the Chamier

formula, which was promulgated about five years ago in a paper

before the Institute of Engineers in London, and extracted in the

Engineering News shortly after. It takes into consideration the

shape of the drainage area and I think should be given consideration

by the Committee.

Mr. Bremner:—In answer to Mr. McDonald, the Committee asked

for information from the Association in regard to formulas, and we

would have been very glad to consider that formula if it had been

presented. We will be glad to consider it in the future. (Note.

—

This formula was considered by the Committee in its report.)

Mr. McDonald :—I will send you a copy of it.

Mr. Bremner:—Does Mr. Churchill's suggestion imply that we
should recommend some formula to the Association? We have con-

sidered that subject very fully and recommend that no one formula be

considered as the standard formula.

Mr. Churchill:— I believe at the present time we are not pre

pared to recommend any one formula; but the first step necessary in

arriving at that end (the adoption of such necessary standard formulas

as may be desirable), is to make a comparison of all of them in

considering the different characteristics of this country. For example.

I am certain there is one formula presented by the Committee that

will apply to the middle section of this country, the foothills and

mountains of the Appalachian system running up into New England.

I am very certain that another formula may apply to the Middle

Wesl section. If we put them in comparison, and consider the section

of the country for which the formula was originally prepared, we will

Ret valuable information that will be useful to every railroad com-

pany in the United Stales.
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Mr. W. F. Steffens (Carolina., Clinchfield & Ohio—by letter) :—

In discussing the matter of proper size of waterway, two important

conditions should be kept constantly in mind ; these are

:

(a) The amount of water reaching the opening.

(b) The velocity possible through the opening.

From these two conditions the proper size of waterway will be

evident at once by simple division. In estimating the quantity of

water reaching the opening special attention should be given to ascer-

taining within reasonable limits the amount of rainfall over the area

drained. Considerable stress has been always given to the condition

of slopes, whether wooded or bare, and whether of absorbent material

or non-absorbent material.

Considering the case of a basin with wooded slopes and absorbent

material, if the district has been experiencing for a number of con-

secutive days a rainfall of usual intensity so that the ground and

streams of the basin are full to saturation and this condition is fol-

lowed by a rain of greater than normal intensity, if the basin is not

of unusual size and length, or, in brief, if the area is such as would

be drained by an ordinary culvert, the conditions are identical with

those obtaining for a basin with rock slopes in a time of maximum
intensity of precipitation.

Culverts situated in districts subject to hygrometric conditions as

above outlined should be designed on the basis of rock slopes.

Considerable attention is being given in recent years to the shape

of the watershed. It is evident that of two watersheds of equal area,

degree of slopes, character of material on slopes, etc., that basin

of elongated form will require longer time (i. e., afford partial

storage) for the water to reach the opening than for a basin essen-

tially circular in shape.

In conversation in various localities it is being made clear that

mistaken notion has been developed that the proper size for any

waterway depends only upon substituting in the various formulas the

size of the area to be drained, totally regardless of the many variables

governing each case and in various geographical and topographical

localities, i. e., that a formula for waterways is a form of machine

into which certain matters are dumped and out of which the correct

solution is ground. The efforts of the Committee should be directed

to correcting this improper view of the problem of waterways, and

establishing instead a clear understanding of the two first principles

of the subject above mentioned, i. e., quantity of water reaching the

opening, and velocity possible through it, each of which depends upon

a considerable number of variable conditions.

The Secretary:
—

"Slides.— (i) Every slide should be considered

as a problem by itself.

"(2) The cause of the slide should be sought. The removal

or prevention of the cause is as important as the restoration of the

roadway.
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"(3) Piles or retaining walls for the prevention and cure of

slides are not recommended; but their use is permissible for temporary

repairs and in special cases.

"(4) Underground water if present should be drained away or

intercepted before it reaches the slide.

"(5) The surface of the slide and the restored roadway should

be graded so water will run off and not lie in pools. The surfaces

may be compacted or sodded.

"(6) The flattening of the slope is the most economical and

permanent method of curing a sliding embankment.

"(7) The removal of the material is nearly always the most

economical and permanent method of curing a slide in excavation.

"(8) A relocation of the line is sometimes necessary where the

slide takes the proportion of an avalanche."

Mr. J. B. Jenkins (Baltimore & Ohio) :—I suggest that the words

"if •present" in paragraph 4 are unnecessary to the sense.

Mr. Bremner:—The Committee will take that into consideration.

M'r. C. H. Miller (Missouri Pacific) :—Under paragraph 6 1 sug-

gest that we make it read "is nearly always the most economical."

I believe that the statement "most economical" is a little too broad.

Mr. J. A. Atwood (Pittsburg & Lake Erie) :—In these conclu-

sions I suppose it is the object of the Committee to call attention to

the fundamental principles in treating slides. It seems to me they

have failed to call attention to one principle, which it is very desir-

able to bear in mind, and that is where an embankment supporting a

track is sliding, and the cause of it is a washing away of the toe

of the slope, there is great necessity of preventing the toe from being

interfered with, because if the toe is removed the equilibrium of

the slide is disturbed, and the slide results. Therefore, anything that

will prevent interference with the toe of the slide and its state of

equilibrium, would be a method of preventing the slide. I think

that fundamental principle should be stated by the Committee.

Mr. Bremner :—The Committee considers that that is covered in

conclusion 3, taken in connection with conclusions 1 and 2.

Mr. A. W. Thompson (Baltimore & Ohio) :—I do not think

that conclusion 3 covers the point brought up. I think Mr. Atwood

refers particularly to places along rivers where the bank is of such

a nature that in washing away it leaves a slope less than one on

which that material will stand.

Mr. Bremner:—Perhaps that would come under the head of

"washouts."

Mr. F. M. Patterson (Chicago, Burlington & Qr.incy) :—It seems

to me it is fully covered by conclusion 3. In cases like the one

referred to, what is wanted is a retaining wall to prevent the toe

of the slope from being washed away.

Mr. J. P>. Berry (Chicago, Rock Island & Pacific) :—If 1 may
go back to section (b) under "waterways," I would like to insert



ROADWAY. 1101

the words "bridges and" before "culvert areas." With most roads

the line is drawn at about 25 feet, as between a culvert and a

bridge.

Mr. Bremner:—The Committee will accept that.

Mr. Churchill :—Following the suggestion of Mr. Atwood and

Mr. Thompson, I find that their point might be covered by adding to

conclusion 3, under "Slides," these words: "The object being to

restore the equilibrium." That would follow after the words "special

cases."

Mr. J. A. Atwood:—I was just drawing a recommendation to

offer as an added clause under "Slides." The gist of it is something

like this : "Where embankments are caused to slide on account of

their equilibrium being disturbed by the removal of the toe of the

embankment, steps should be taken to prevent the removal of the toe

of the slope."

The President:—That is covered by Mr. Churchill's suggestion?

Mr. J. A. Atwood :—I do not think it is ; his suggestion is under

the head of "piles or retaining walls," which are not sufficient for

the purpose I have in mind. I intended to recommend that proper

steps shall be taken for the restoration of the equilibrium of the

embankment and the prevention of the equilibrium being disturbed.

Mr. Churchill :—I will accept M'r. Atwood's clause ; I think it

covers the matter better than my wording.

Mr. Bremner :—The Committee thinks that will merely confuse

our conclusions and make them less clear than they are. It appears, if

you want to cover that in a special way, that it will require an

additional conclusion, and it would seem to be fairly well covered

in paragraph 2 under "Slides," where we say, "The removal or

prevention of the cause is as important as the restoration of the

roadway." These two recommendations taken together cover the re-

marks of the gentleman. We have not attempted to go into detailed

cases, and we do not like to add the suggested clause to conclusion 3

for the reason that we believe it would make it ambiguous.

The President :—The chair suggests that Mr. Atwood frame his

suggestion in writing and present it in the form of a motion.

Mr. J. A. Atwood :—I wish to offer an additional paragraph to

the matter under "Slides." It is as follows : "Where embankments

are caused to slide on account of the equilibrium being disturbed by

the removal of the toe of the embankment, proper action should be

taken to prevent such removal and to restore the equilibrium."

The object in calling attention to this particularly in this way
is that any amount of money that you may spend to stop the slide

will not stop it if you do not stop the removal of the material which

is at the toe of the slope. It is particularly to call attention to the

necessity of preventing removal of material at the toe of the slope

that I wish to make this motion. In the case of an embankment

which is washed by a stream it is particularly applicable.
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The President:—The resolution proposed by Mr. Atwood is that

where embankments are caused to slide on account of the equilibrium

being disturbed by the removal of the toe of the embankment, proper

action should bo taken to prevent such removal and to restore the

equilibrium. Does the Committee consider that this is covered in

any of the clauses?

Mr. Bremner:—Conclusion 2 provides that the cause of the slide

should be sought, whatever that may be, whether caused by washout

along the side of the foot of the embankment ; whether it is caused

by the chemical constituents of the soil, or whether by water in the

embankment, it should be sought out. Then the removal or preven-

tion of the cause is as important as the restoration of the roadway.

The Committee would consider that this clause covers not only the

case which is provided for in this motion, but also a number of other

cases. It is general, and for that reason we would not think it was

best to put in the special clause 9. We have given merely general

conclusions. We have made them as general as we can and have

given detailed examples which have been presented to us in very

important statements, which are in the appendix and which are very

well worth reading for anyone that desires to study the subject

of slides. The conclusions do not give specific remedies for special

cases, merely general remedies for general cases. Specific remedies

would be covered by the appendix.

Mr. M'. L. Byers (Missouri Pacific) :— It seems to me that the

argument of the chairman could be applied with equal force to almost

all the paragraphs that follow conclusion 2. The object of Mr.

Atwood's motion is to call attention to a special case, just as several

of the other paragraphs call attention to special cases.

Mr. C. H. Ewing (Philadelphia & Reading) :—I think the Com-

mittee's recommendation should stand and not go into too much detail.

Another point I have in mind is that it is as necessary to put a ditch

on top of the cut as it is to protect the bottom, to prevent the slopes

from washing.

Mr. Churchill:—The one point that has, in my estimation, been

omitted by the Committee, is that of restoring equilibrium. Of course

I believe that all railroad people understand that in a general way;

but still it is not stated in the conclusions, and that is why, primarily,

I favor the addition of the clause. There was brought to my attention

a few days ago a statement from one 1 f the oldest railroad men in

the United States in connection with the oldest portion of our road,

built in 1850. This old gentleman stated: "We had great difficulty at

a certain point. Our construction began to slide out, and we imme-

diately began to determine bow we should stop it. We made an inves-

tigation and found that the only way to prevent it was to restore the

equilibrium, which we proceeded to do by using very heavy granite

rocks around the toe of slope." If you cannot restore equilibrium, you

must carry out the measures the Committee have recommended. If
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you can restore the equilibrium, it is right to do so. I think the word

"equilibrium" is an important one to consider.

The President :—The question is upon the motion of Mr. Atwood
to supplement the conclusions with another clause, to be known as No.

9, which the Secretary will read:

The Secretary:
—

"(9) Where embankments are caused to slide on

account of the equilibrium being disturbed by the removal of the toe

of the embankment, proper action should be taken to prevent such

removal and to restore tbe equilibrium."

(The motion was lost.)

Mr. A. W. Thompson :—The Committee seems to have considered

that every slide should be corrected. There are some cases where it

is not economy to remove the cause of the slide. In other words, the

interest on the cost for permanently removing the cause of the slide

is greater than the annual maintenance charges of keeping up the track.

Mr. Bremner :—The Committee would not consider that any of

its recommendations are absolute. There will undoubtedly be excep-

tional cases. I can call to mind exceptions to most of our recom-

mendations.. The first clause covers that
—

"every slide is a problem by

itself"

iMr. Churchill:—You might stop there, leaving out the balance.

Mr. Bremner :—We wanted to emphasize that particular form of

slide. Every regulation we might make would be subject to exception.

Mr. A. W. Thompson:—The only reason I bring this up is that

if these rules of Recommended Practice were sent out, some of our

younger engineers would not give sufficient time to the study of slides

to determine whether the expense of curing the cause would be

justified.

Mr. Maurice Coburn (Vandalia Line) :—I move that conclusions

6 and 7 be changed by substituting the word "frequently" in place of

"nearly all." I do not consider this a correction in grammar. I think

it would make a vital change in the recommendations.

Mr. Bremner:— I think the words "nearly all" convey the meaning-

intended.

(Motion lost.)

Mr. McDonald :—I find no reference to the method of curing-

slides by filling the ditches with coal and wood and burning it.

The President :—There is a reference to such conditions in the

first volume of the Proceedings, a discussion by Mr. Kelley. If Mr.

Kelley is in the room we will be glad to hear from him.

Mr. Bremner :—I do not think that method has been brought to

the attention of the Committee. Beg pardon—Mr. Fisher says it is

found in some of the letters which have been published in the appendix

to the report.

Mr. M. L. Byers :—I would 'like to go back to No. 2 under "slides"

for a moment. There is one point which, although it is covered indi-

rectly in almost every recommendation of the Committee, it seems to
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me should be emphasized somewhat. The cause of slides is almost

invariably the presence of water, and that is a thing which is fre-

quently not fully recognized. I have had my attention called a good

many times to slides that have been making trouble, and the statement

has been made that for years they have been trying to correct the

slide. When I have asked what has been done, I found that the looking

for the cause of the trouble is about the last thing that was done—
they had added ballast and additional material, but had not taken the

necessary steps to find the location of water and get rid of it. I

suggest the addition of this to the first sentence, "and will be usually

found in the presence of water." The first sentence will then read

:

"The cause of the slide should be sought and will usually be found in

the presence of water."

Mr. Bremner :—The greater portion of the Committee's report this

year is devoted to considering water in some form or another—in

slides, waterways, washouts and tiling, and we have emphasized the

water part of the matter very strongly. The first conclusion under

"Surface and Sub-Surface Drainage and Tiling of Wet Cuts," says:

"All water possible should be kept off the roadbed." As far as slides

are concerned, while not always the case, 50 per cent, of the causes

of slides will be found in the existence of water. It is so self-evident

that it is hardly necessary to give it a separate conclusion.

Mr. Coburn :—If that is the case, conclusion 6 is put a little

strongly. I have had some trouble during the past year where the

most economical way was not the flattening of the slope, but taking

care of the water.

Mr. W. F. Steffens (Carolina, Clinchfield & Ohio) :—Mr. Byers

mentioned the presence of water as always causing the difficulty. Theie

is one other condition that has not been stated and possibly not called

attention to heretofore, and that is the presence of mica in large quan-

tities in the soil. The mica acts as a lubricator. The natural slope

of such material is not i)/2 to 1, but possibly as flat as 3 to 1.
.
The

company with which I am associated at present has been constructing

a line south of the Blue Ridge Mountains in' North Carolina and has

been experiencing unusual difficulties in holding embankments due to

the presence of this micaceous material. The embankments in qm
are naturally made from the material obtained from the adjacent cuts.

In many cases the material is of rock, but in other cases it is of this

mica clay or earth. The presence of rock on top of the softer material

thrusts out the toe of the slope to an angle at least as flat as between

2V2 or 3 to 1. I mention this matter at this time because it is per-

tinent after Mr. Byers' remarks.

Mr. M. J. Henoch (Louisville & Nashville') :— I would like to go

back to conclusion 6 under slides. It seems to me that it is a very

broad statement to say that flattening of the slope is the most econom-

ical method of curing a sliding embankment. It seems to me it may
in certain cases be very uneconomical and anything but permanent.
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therefore I move that conclusion 6 be amended to read : "The flatten-

ing of the slope is recommended as a permanent method of curing a

sliding embankment, in cases where natural conditions permit such

flattening."

(Motion not seconded.)

Mr. Steffens :—In relation to conclusion 6, we have met during the

last two years material that will have to be flattened to a slope of 2

degrees, if it is to stand. They call it in the vicinity loblolly mud, a

sort of clay.

Mr. Walter Loring Webb (Consulting Engineer) :—In illustration

of the case mentioned by Mr. Steffens, I will say that a road I was con-

structing
. in West Virginia had exactly that same condition of a thin

layer of micaceous material, and a shallow cut had been made through

it. The natural slope was very flat, and yet in the course of two or

three days after the side of the cut had been carefully finished off the

whole slope of the hill had been started so that it projected i l/2 inches.

It was a case where an extreme flattening of the slope was the only

thing that could possibly prevent it.

The Secretary:
—"Washout.— (i) The ends of trestles and bridges

should be protected with rirap or by other efficient means.

"(2) Main track should be raised above height of flood waters

and carried on strong and stable roadbed, so that it will not be subject

to overflow.

"(3) The track on an embankment subject to overflow should be

ballasted with heavy angular ballast and anchored, and the lower slope

of the embankment should be protected with riprap.

"(4) On bridges subject to overflow the track should be anchored.

"(5) If the velocity of the water carries away the riprap or other

protection against scour, the width of the opening should be increased.

"(6) If track is washed out temporary repairs should be made
by filling in, cribbing or driving piles, to be followed by the permanent

restoration of the roadway."

The Secretary:
—

"Surface and Sub-Surface Drainage and Tiling of

Wet Cuts.— (1) All the water possible should be kept off the roadbed.

"(2) Surface intercepting ditches should be constructed for the

protection of cuts.

"(3) Intercepting ditches or pipe drains should be provided for

the protection of banks built on saturated soils.

"(4) Side ditches should be constructed in cuts through all classes

of materials.

"(5) Pipe drains should be provided for the drainage of wet cuts."

Mr. R. D. Coombs (Pennsylvania Tunnel & Terminal):—Is con-

clusion 3 intended to apply to bogs?

Mr. Bremner :—It can apply to bogs.

Mr. Coombs:—Do you think it would work?
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Mr. Bremner:—It would depend altogether on the nature of the

bog. It would not work in all of them, though it might in a few.

Mr. John G. Sullivan (Canadian Pacific) :—In several cases where

we have had trouble with track sinking in muskegs, where the embank-

ment is not over three or four feet high, we have been able to elimi-

nate the trouble by draining the bogs to a depth of three or four feet

below the general surface.

Mr. Jenkins :—I suggest transposing of the words "surface" and

"intercepting" in conclusion 2.

Mr. Bremner :—The Committee will accept that.

iMr. L. S. Rose (Cleveland, Cincinnati, Chicago & St. Louis) :—

I

move the adoption of all the conclusions as amended.

The President :—It has been moved and seconded that the con-

clusions, as amended, be adopted.

(Motion carried.)

Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—In former years

the Committee submitted definitions for the term "waterways," which

now appears in the Manual. I suggest that next year the Committee
submit definitions for the terms "slides" and "washouts," in order that

the Manual may be complete.

The President:—The Committee will take note of that.

M'r. Wendt :—May I ask what the Committee desires to have

printed in the Manual?
Mr. Bremner :—That portion of the report printed in boldface type

on pp. 6, 7 and 8.

Mr. Wendt:—I suggest that a plan be prepared for the Manual
to accompany these recommended principles of practice. The Manual
already contains diagrams of roadbed for various classes of track, but

it seems to me that a plan should accompany the principles of practice

in this case as an illustration.

The President :—The Committee will be relieved with the thanks
of the Association. Will you allow the chair to compliment the Com-
mittee on the hard and good work it has done on this report?



REPORT OF COMMITTEE NO. VI—ON BUILDINGS.

(Bulletin 108.)

To the Members of the American Railway Engineering and Maintenance

of Way Association:

The Board of Direction submitted to your Committee the following

topics for consideration, viz.

:

(i) Reconsider amended conclusion No. 5, relative to locomotive

coaling stations {Bulletin 95, pp. 69-70).

(2) Report on the use of reinforced concrete for coaling jtations

and storage bins.

(3) Collect data as to the actual use of reinforced concrete roofs

for roundhouses, where located, life to date, results so far obtained, and

critical analysis of advantages or possible defects; also diagrams of

typical designs.

(4) Report on the best method for smoke removal, ventilation and

heating of roundhouses.

(5) Report on the design and detail arrangement of oil houses

at terminals.

The first meeting of your Committee was held at the rooms of

the Association in Chicago, June 29, 1908. There were present at this

meeting : Messrs. O. P. Chamberlain, Chairman ; Maurice Coburn,

Vice-Chairman; W. T. Dorrance, M. A. Long, W. H. Sellew, E. N.

Layfield, C. H. Fake.

It was decided that the Chairman should ask the Board of Direc-

tion for further instructions in regard to topic (1). The reply to

this request is herewith given in so far as it refers to the topic in

question

:

"Referring to the second clause of the Minutes of your Com-

mittee meeting, held at Chicago, June 29, relative to the first subject

assigned the Committee by the Board of Direction.

"In reassigning the subject of locomotive coaling stations to the

Committee, the Board of Direction had in mind the discussion at the

last convention, in which several speakers expressed the view that the

question had not fully been covered in the report of the Committee.

"One speaker thought the matter of coaling between terminals should

be considered; also, that the Committee had not covered the question

of coaling on two or four tracks, except by mechanical device.

"Another member thought the Committee had made no recom-
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mendations in respect to main-line coaling plan f s : that in his judgment

two points should be given consideration in connection with this sub-

ject, namely, the type of coaling plant that will deliver to the tender

coal at the lowest cost, and consequently what type of coaling plant

will serve locomotives, so that the dead time, from the time the loco-

motive reaches the terminal until it is ready again for service on

the road, is the shortest.

"The foregoing are a few of the points brought out in the discus-

sion, which will give the Committee an indication along what lines it

may be desirable to develop the subject further."

Your Committee, while not feeling that the subject had been ex-

hausted at the last convention, considers that it is unwise at the present

time to reopen the question. The developments of the next few years

may make it desirable to take the matter up at some future time.

At the meeting of June 29, 1908, it was decided, for expediencj

in handling the work, to divide the Committee into three sub-com-

mittees, giving a portion of the year's work to each. The sub-com-

mittees were so selected that the members of each sub-committee were

geographically near to each oiher, in order that there should be little

difficulty in getting the sub-committees together. The sub-committees

and division of the work follows

:

Sub-Committee A, Topic (4) : Report on the best method for

smoke removal, ventilation and heating roundhouses.

Wm. T. Dorrance, Chairman; Geo. W. Andrews, M. A. Long,

W. H. Sellew, C. H. Stengel, E. W. Wiggin.

Sub-Committee B, Topic (2) : Report on the use of reinforced

concrete coaling stations and storage bins.

Topic (5) : Report on the design and detail arrangement of oil

houses at terminals.

E. N". Layfield, Chairman; S. D. Brady, John S. Metcalf, W. H.

Sellew, O. P. Chamberlain.

Sub-Committee C, Topic (3) : Collect data as to the actual use

of reinforced concrete roofs for roundhouses, where located, life to- date,

results so far obtained, and critical analysis of advantages or possible

defects; also diagrams of typical designs.

Maurice Coburn, Chairman; A. C. Butterworth, H. M. Cryder,

C. H. Fake, P. F. Gentine, L. D. Smith.

The subsequent work was done in these sub-committees and by

correspondence until December 14, 1908, when a final meeting of the

full Committee was held at the rooms of the Association in Chicago,

when it was agreed that the work of the sub-committees should be

embodied, with some slight modifications, in the final report to the

convention of 1909.

On topics (2) to (5), inclusive, your Committee begs leave to

report as follows

:



BUILDINGS. 1109

(2) Report on the use of reinforced concrete for coaling stations

and storage bins.

An exhaustive search was made of the coaling stations and storage

bins already erected, but your Committee found that comparatively few

plants of this character are in use. Interviews with railroad engineers

who have constructed such plants on their lines showed that they gen-

erally regard this type as satisfactory, but are not yet prepared to

recommend its general use, because of the increased cost.

Comparative estimates of the cost of reinforced concrete plants

with timber structures already in use shown in the 1908 report of

your Committee, indicated that the first cost of a reinforced concrete

plant was probably about 40 per cent, greater than a timber structure

of the same capacity. Actual figures secured from the builders of

reinforced concrete coaling stations would indicate that the proper

figures at present are nearer 50 per cent, than 40.

Familiarity with the new type of construction, together with the

constantly increasing cost of lumber, will tend, however, to bring the

cost of timber and reinforced concrete coaling stations more nearly

together.

The advisability of building cylindrical bins similar to grain bins

in elevators was discussed. Such bins have been built in at least one

case for coal storage in connection with a power plant. In railroad

storage plants, however, designers have adhered closely to the general

lines of the timber structures.

It is worthy of note that, with one exception, in the reinforced

concrete bins and coaling stations thus far erected the coal has been

handled by mechanical hoists.

On account of these structures not having had a long practical

test, your Committee does not present any recommendations at the

present time in regard to their general adoption.

(3) Collect data as to the actual use of reinforced concrete roofs

for roundhouses, ivhere located, life to date, results so far obtained, and
critical analysis of advantages or possible defects; also diagrams of

typical designs.

This subject of reinforced concrete roundhouses was first brought

up in the 1908 report (see Proceedings, Vol. 9, p. 163). A statement

of the information at hand concerning the use of reinforced concrete

for roundhouses was presented, with a table estimating the cost of

reinforced concrete houses as compared with other types. This state-

ment showed that the average annual charges for the first 10 years

for a reinforced concrete house- were a trifle smaller than those for

a wooden-roofed house. In view of this result the Committee recom-

mended reinforced concrete for roundhouse construction, basing its con-

clusions upon the additional security against interruption to traffic

afforded by the concrete construction.
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The conclusions as adopted were as follows

:

(i) Reinforced concrete should be used below the floor when it

is cheaper than plain concrete.

(2) The additional security against interruption to traffic from

fire warrants the serious consideration of the construction of a round-

house with a reinforced concrete roof.

(3) When the roof is of reinforced concrete the columns should

be of the same material.

(4) Reinforced concrete should be used for the walls only where

special conditions reduce its cost below that of brick or plain concrete

and where plaster is not considered satisfactory.

A rather exaggerated application of conclusion one is in the house

recently built by the Union Railroad at Oak Hill, near Pittsburg,

Pa., a cross-section of which accompanies this report, where the build-

ing is on a side-hill, and it was necessary to go down over 65 ft. for a

proper footing for some of the piers on the outside circle. (Plate 4.)

Your Committee has investigated the objections offered at the meet-

ing which prevented the adoption of conclusion (2) as presented, and

has the following to report

:

Your Committee still feels that the words "from fire" should be

omitted, because of the fact that the reinforced concrete roundhouse

is also a better type to resist other damage from outside causes, such

as earthquakes and tornadoes. In order to carry out the apparent

intention of the Association in adding these words, we would substitute

for them "through damage to the roundhouse and its contents."

The attention of the Association is called to the definition of

reinforced concrete, contained in the 1907 edition of the "Manual,"

on page 90, which reads as follows

:

"Reinforced concrete is a concrete which has been reinforced by

means of metal in some form so as to develop the compressive strength

of the concrete."

We have eliminated from consideration all construction where con-

crete is used only as a protective coating for the steel and also all

construction where concrete is merely a plaster on expanded metal or

similar material. Such construction is liable to develop large cracks,

giving a chance for corrosion of the steel, and it is not, strictly speak-

ing, reinforced concrete. A reinforced concrete roof supported on steel

beams does not accord with the requirements of roundhouse construc-

tion as set forth in the 1908 report, and it also has been eliminated.

In referring to "reinforced concrete roof" we mean one which is also

supported by reinforced concrete beams and which fully conforms to

the definition of reinforced concrete.

A reinforced concrete roof, properly constructed, is not porous

enough to allow leaks or to permit gases and moisture to corrode

the reinforcement except as it may crack. The cracks 'can be kept at

a minimum, and it is believed by some engineers, so prevented that

the roof shall stay waterproof without any covering by reinforcing it
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against all the tension stresses due to expansion and contraction. To
do this it is very important that the reinforcement be properly located.

During the past two years some large buildings have been erected on

this theory, and so far they are giving excellent results, but the Com-
mittee feels that until these buildings have had a longer test it should

retain the position it held last year. It cannot recommend a concrete

roof for a roundhouse without a roof covering on top of the concrete,

although in a roundhouse where a leak cannot do serious damage, more
risks can be run than with some other buildings.

We are also not sure that we were justified in recommending a

cheaper roofing for the concrete, as was done last year, and have

revised our table of costs in that respect. (Plate i.)

At the 1908 meeting, the fear was expressed that the reinforcement

might be damaged by the corrosive gases present in a roundhouse.

The Committee is of the opinion that, unless the roof leaks badly, any

pores in the concrete will be closed up by the cementwash or whitewash

put on after the house is completed, or else by soot, and that the

chance of any damage from this cause is practically nothing.

Some elaborate experiments made in Germany in 1907, by E. Probst,

had this subject under consideration. Mr. A. E. Lindau, of the Ex-
panded Metal & Corrugated Bar Company, has kindly made available

for us the record of these experiments, which is included in a report

by Busing and Schuman to the Cement Manufacturing Association,

published by the "Deutsche Bauzeitung." These tests subjected con-

crete beams under load to a highly concentrated mixture of steam,

oxygen and carbon dioxide, which entirely corroded unprotected bars in

24 hours. Some of the beams were loaded up to nearly the elastic limit

of the steel, and no rust resulted after the beams had been subjected

to the gases for over 12 days. However, when the beams were so

loaded as to exceed the elastic limit of the steel, cracks were founa

which caused considerable corrosion. In a building properly constructed

such cracks could not occur. The atmosphere in a modern roundhouse

is such that a long time must elapse before enough corrosion can occur

to equal the severity of the action of a few hours under the tests quoted.

At the 1908 meeting of the Association, the annoyance due to

possible excessive condensation on the underside of the roof during

cold weather was discussed. The Committee finds that the condensation

does not take place with a concrete roof when the house is properly

heated, and that in any event there is no more condensation than with

a wooden roof. The modern roundhouse is now being equipped so

that the steam and smoke is carried off without allowing it to escape

into the house, decreasing the chance of trouble from this cause.

Your Committee is also of the opinion that any chance of damage
to the reinforced concrete by the absorption of the water of condensa-

tion on the ceiling is very remote and not worth considering.

But few roundhouse roofs have been built exclusively of reinforced

concrete, none of which has been in use much over two years, except
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one of the Grand Trunk, which is about three years old. As far as

we can learn, the results have so far been entirely satisfactory. Those

of which we know are as follows

:

Grank Trunk Mimico, near Toronto, Can.

Detroit & Toledo Shore Line Toledo, O.

Denver & Rio Grande Pueblo, Colo.

Denver & Rio Grande Burnham, Colo., near Denver.

A., T. & S. F. Ry. Coast Lines Bakersfield, Cal.

A., T. & S. F. Ry. Coast Lines San Bernardino, Cal.

A., T. & S. F. Ry. Coast Lines Richmond, Cal.

A., T. & S. F. Ry. Coast Lines Williams, Ariz.

Union Railroad Company Oak Hill, Pa., near Pittsburg.

We submit plans showing the cross-section of the standard house

on the Santa Fe System (Plate 2), which was built to provide for a

traveling crane; a house built on the Grand Trunk with the Kahn
reinforcement and two intermediate posts (Plate 3), the house recently

finished on the Union Railroad, near Pittsburg (Plate 4), and the house

used by the Committee in figuring comparative costs (Plate 5), which

has three posts and is reinforced with ordinary bars. The Committee

does not attempt to make any recommendations in regard to the method

of reinforcement.

The recommendations included in this report concerning ventilation

can be carried out with reinforced concrete, and the plan prepared by

the Committee is not in the nature of a recommendation. The cross-

section used is conservative and favorable to the wooden roof. The

concrete will compare even better with the wooden roof in longer spans

of 30 or 40 ft., where, with wood, a truss would be necessary.

In presenting again the table of comparative costs (Plate 1), the

Committee has been conservative by endeavoring to avoid any chance

of favoring the concrete roof in the costs of labor and material and

in all items where there is any doubt. Although we did not recommend

figuring for a longer period, ten years -is a low life for the average

house. If twenty years had been used the showing for the concrete

would have been much better, because of the changes in depreciation

and maintenance charges. To thoroughly understand the table, ref-

erence must be made to last year's report.

In figuring insurance on the structure, we have included that to

be carried on the entire building and its equipment, and not alone on

those parts of construction included in the table. In figuring the

insurance on equipment, we feel that the decreased cost shown for

the fireproof house is conservative. It should be understood that ordi-

narily railroad property is insured under a blanke't policy with the same

rate either for the entire railroad, or else a different rate for all the

property on each division. Under such conditions the construction of

a single concrete roundhouse would make no immediate difference in

the rate, but, as the rate is made up by previous experience and by a
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study of the conditions on the entire railroad, the concrete house will

ultimately have a favorable effect on the final rate, somewhat in pro-

portion to its importance in the total risk.

Using these figures as a basis, it would seem that the concrete

house is in the long run more economical, because of its greater per-

manency and the lesser chance of damage to it and the equipment it

contains, by fire and other causes. This and the insurance offered

against interruption to traffic are believed to warrant the Committee

in recommending a concrete-roofed house.

Reinforced concrete has proven its merit as a building material

and it is in successful use in structures of many sorts. There has been

ample demonstration of its fireproof qualities. It is well adapted for

a roundhouse, and the demands upon it there are not essentially dif-

ferent from those it receives in other buildings.

We would, therefore, recommend the following to replace con-

clusion (2) :

"Under ordinary conditions the reinforced concrete roof is the

most desirable for a roundhouse, because of the greater security

afforded by it against interruption to traffic through damage to the

roundhouse and its contents and because of its economy."

We would recommend the revision of conclusion (3) to read as

follows

:

"When the roof is of reinforced concrete the columns and roof

beams should be of the same material."

We would recommend the revision of conclusion (4) by the addi-

tion of the word "considerably" after the word "cost" in the second

line, making it read as follows

:

"Reinforced concrete should be used for the walls only where

special conditions reduce the cost considerably below that of brick

or plain concrete and where plaster is not considered satisfactory."

(4) Report on the best method for smoke removal, ventilation and

heating of roundhouses.

The following questions were submitted to a large number of roads,

selecting those that seemed to cover the whole of the United States

and Canada, the questions being submitted to the Engineering Depart-

ment and the Motive Power Department. These two departments

seemed to be the ones which would come in contact with onr subjects,

the houses being built by the Engineering Department and used by the

Motive Power Department

:

(I) What system of heating do you employ in your standard

engine houses?

(a) How long has it been in use?

(b) Are results satisfactory?

(II) What cross-section engine house do you use?

(a) Has your experience with this section shown any modifica-

tions of it advisable?
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(III) Do you employ auxiliary mechanical ventilating appliances

or have you ever considered the advisability of doing so?

(IV) What type of smokejack do you use?

(a) What are the general dimensions and of what material is

it composed?

Replies were received from thirty-two roads. The answers were

carefully studied and tabulated, the results being shown below for

questions i, 2 and 4.

HEATING SYSTEMS USED IN ROUNDHOUSES ON VARIOUS ROADS.

Climate Renders Heating Unnecessary:

Southern Pacific Company, 85 per cent.

Virginian Railway.

Stoves:

Bangor & Aroostook Railroad.

Central of Georgia Railroad.

*Central Railroad of New Jersey.

tPennsylvania Railroad.

tPittsburg & Lake Erie Railroad.

Live Steam in Pits; Vacuum Return; Separate Boiler:

Canadian Pacific Railway.

Chicago, Rock Island & Pacific Railway.

Lake Shore & Michigan Southern Railway.

Live Steam Pits; Gravity Return or Blozvn off at Pits; Separate Boiler:

*Atchison, Topeka & Santa Fe Railway.

Boston & Maine Railroad.

Chicago, Burlington & Quincy Railroad.

Chicago & Northwestern Railway.

Delaware, Lackawanna & Western Railroad.

tLouisville & Nashville Railroad.

Michigan Central Railroad.

^Northern Pacific Railway.

*New York Central & Hudson River Railroad.

Pennsylvania Railroad.

Southern Pacific Company.

Union Pacific Railroad.

Vandalia Railroad.

Live Steam in Pits Furnished by an Engine in House:

Boston & Maine Railroad.

Exhaust Steam in Pits:

Baltimore & Ohio Railroad.

Hot Air in Pits, Heated by Live Steam:

*Atchison, Topeka & Santa Fe Railway.

Buffalo, Rochester & Pittsburg Railway.

Unsatisfactory.
fNo longer installed.
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Hot Air in Pits, Heated by Live Steam—Continued:

Cleveland, Cincinnati, Chicago & St. Louis Railway.

Chicago Great Western Railway.

Central of Georgia Railway.

Chicago & Northwestern Railway.

Central Railroad of New Jersey.

Chicago Terminal Transfer Railroad.

Erie Railroad.

Illinois Central Railroad.

Louisville & Nashville Railroad.

Missouri Pacific Railway.

Northern Pacific Railway.

New York Central & Hudson River Railroad.

Pennsylvania Railroad.

Southern Railway.

Hot Air in Pits, Heated by Exliaust Steam:

Baltimore & Ohio Railroad.

Chicago, Milwaukee & St. Paul Railway.

Illinois Central Railroad.

Pittsburg & Lake Erie Railroad.

Hot Water:

Grand Trunk Railway System.

TYPES OF SMOKE JACKS USED ON VARIOUS ROADS.

None Required:

Atchison, Topeka & Santa Fe Railway.

Virginian Railway.

Wood:
Buffalo, Rochester & Pacific Railway.

Chicago, Burlington & Quincy Railroad.

Cleveland, Cincinnati, Chicago & St. Louis Railway.

Erie Railroad.

*Grand Trunk Railway System.

Michigan Central Railroad.

Northern Pacific Railway.

Pittsburg & Lake Erie Railroad.

Union Pacific Railroad.

Vandalia Railroad.

Phoenix:

New York Central & Hudson River Railroad.

Southern Railway.

Paul Dickinson

:

Chicago Great Western Railway.

Central of Georgia Railway.

Chicago, Milwaukee & St. Paul Railway.

Bangor & Aroostook Railroad.

Delaware, Lackawanna & Western Railroad.

Unsatisfactory.
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CROSS-SECTION OF ROUNDHOUSES USED ON VARIOUS ROADS.
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Experimenting

:

Boston & Maine Railroad.

Louisville & Nashville Railroad.

Pennsylvania Railroad.

Union Pacific Railroad.

Asbestos

:

Canadian Pacific Railway.

Illinois Central Railroad.

Lake Shore & iMichigan Southern Railway.

Union Pacific Railroad.

Central Railroad of New Jersey.

Southern Railway

Chicago, Rock Island & Pacific Railway.

Chicago & Northwestern Railway.

Roe:

Southern Pacific Company.

Bruyn:

Chicago Great Western Railway.

Delaware, Lackawanna & Western Railroad.

Of Opinion that Sheet Steel Tarred would be Best, Figuring on Renew-

ing Oftener:

Grand Trunk Railway System.

The replies to these questions have been taken up in detail and

your Committee presents the fo'lowing arguments leading to conclusions

which are borne out by experience and usage of the roads replying to

the inquiries

:

(i) HEATING.

Inasmuch as the thawing out of the engines that they may be

returned to road service with greatest possible dispatch is the prime

function of the heating plant, all considerations as to the location of

the heat should be subordinated to this. For this reason the heat should

be introduced at the pits in order to concentrate it there. Advantage

is also obtained by putting it at the lowest possible point in the house.

making its usefulness for inducing and forcing ventilation a maximum.

An engine house is not intended to be a rest room, a loafing place

or a club room, and there is no need to provide the warmth that makes

its use for such purpose practicable. The men regularly employed in

engine houses are always warmly dressed and will work faster and

better if the house is not too warm.

We are cognizant, however, of the fact that good results can be

and are obtained by the use of steam heat supplied through coils in

the pits. Some scheme for producing a positive circulation is required

and for this purpose the vacuum return system seems best adapted. With

this system the steam is circulated at lower pressure than by direct

steam, which will, we believe, make the maintenance charges Uiwcr,
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although still considerably higher than if the hot air system is used.

This vacuum return system has been in general use for only a com-

paratively short time, so that we cannot as yet substantiate our opinion

with figures. Where steam coils in the pits are used, great care must

be taken with the design of the pit to prevent water from splashing

on the pipes, which then forms a fog in the house, and also tends

to crack the pipes, thereby causing leaks in the system ; also special

care must be taken to insure sufficient ventilation on account of the

lack of a positive air change. While the steam heat system is chcapei

to install than is an adequate hot-air plant, the maintenance cost of the

steam heat system is larger.

Your Committee recommends the adoption of the following con-

clusions as a substitute for recommendation No. 11, page 68, in the

Manual

:

CONCLUSIONS.

(i) Heat should be concentrated at pits.

(2) General temperature of the engine house should be kept

between 50 and 60 degrees.

(3) The best method for heating engine houses is by hot air

driven by fans through permanent ducts (under the floor where prac-

ticable). The supply should be taken from the exterior of the building

(no recirculation should be allowed). The air should be delivered

to the pits under the engine portion of the locomotive. Air to be

heated as far as may be by e'xhaust steam, supplemented as required

by live steam.

(il) VENTILATION.

By ventilation we mean the removal of foul air and gases at large

in the house. To accomplish this a continuous upward movement must

be secured (no recirculation of air to be permitted). This can best

be accomplished by designing the roof so that "slope-up" is given to a

continuous opening around the house and by the use of annular open-

ings around the jacks. To obtain the full value of these continuous

openings the purlins and rafters must be arranged so that they will

guide the air currents up to the openings instead of obstructing them.

This is illustrated in Plate 6. Tbe replacement by fresh air is most

surely accomplished by hot-air heating. Where no heating is needed,

we believe that openings can be provided of such size that no me-

chanical ventilation will be required.

(ill) SMOKE REMOVAL.

By smoke removal we mean the removal of gases and smoke from

the stack of a locomotive.

Ventilation and smoke removal are dependent upon a correct design

of the house and of the jacks. Continuous upward movement of the air

and consequent good ventfation can be secured by continuous openings

around the house and by annular openings around the jacks, with the
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roof designed to direct air currents to the openings. Smoke removal

can be accomplished by efficient jacks of smooth material and of adequate

size and length.

CONCLUSIONS.

*Smoke removal should be separately provided for by the use of

jacks, and the currents produced in the jacks should be utilized for

aiding ventilation in the house by drawing air from the top of the

house through annular openings leading into the top of the jack.

Jacks should be without dampers, fixed and built of non-corrosive

material with cross-section not less than 30 in. in diameter. They

should be of smooth material, circular in section above the hood,

and extending well above the roof line ; care in design should be

taken to avoid any corners. The hood of a jack should have a mini-

mum length of 10 ft. so as to permit variation of location of an

engine on the pit. The bottom of the jack should he as low as the

engines served will allow, and it should be furnished with a drip

trough; the slope upward should be gradual to the flue.

The outline of recommended jack is shown on Plate 7.

From this it will be seen that the Committee feels that design of

the cross-section of the house is the governing feature in securing

proper ventilation and smoke removal. We believe that any type of

house which conforms with conclusions above mentioned will be kept

clear.

The Committee would add that in designing the cross-section con-

forming to these requirements, care should be taken to see that the

section is such that sufficient light can be obtained in the house to permit

of necessary work around the engines without the use of artificial

light in the daytime.

CONCLUSION.

We recommend that our conclusion in regard to jacks be sub-

stituted for recommendation No. 8, page 68, in the Manual, and that

the paragraph on Smoke Jacks, page 70. of the iManual, be stricken out.

Question 3, in regard to mechanical ventilating appliances, was

answered by all roads, stating that no such plan was in use and that

they did not consider it necessary.

(5) Report on the design and detail arrangement of oil houses at

terminals.

From the standpoint of safety from fire it is obvious thai when

conditions permit an oil house should be detached from other buildings

and located at a sufficient distance therefrom to prevent the spread of

fire. This, however, is not always practicable and, in fact, it is usually

convenient, or necessary, to have the oil storage adjacent to the store-

house or some other building.

Amend by inserting the word "preferably" between ih<* words "and"
and "built," in the fifth line.
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PLATE 6—ROOF DESIGN TO PROVIDE VENTILATION IN

ROUNDHOUSES.

This Opening to
extend ent/reiy
around toe house.

PLATE 7—SMOKE JACKS.

L.O.J L
Open'/has to g/Ve /*
induced draught.

^^^^ *~/trea ofopening to\^ I be at /east 25Z
r J greater than the

/argest c/rcuiar'
cross-sect/on-

fcCircular cross -section.

Annular opening.

*.-/3t least 30 "in diameter
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The danger from fire, which existed under the old methods of

distributing oil for use directly from the barrels, has been greatly

reduced by modern methods of storing the oil in tanks usually under

ground, or in a basement, and this improved method also results in an

important saving by elimination of waste of the oil.

Your Committee has procured plans of standard and special oil

houses from a large number of railroads and has also made examina-

tion of a number of modern oil houses. It is the opinion of the Com-

mittee that quantities of oil, either at large terminals or at isolated

points, should, unless there are good reasons for doing otherwise, be

kept in tanks located either under ground or in buildings properly

designed for the purpose.

At isolated points it is usually feasible to have the oil storage

tank under ground at a considerable distance from combustible build-

ings, but for oil storage at terminal points it is usually necessary or

convenient to have the tanks close to the point where the oil is to be

drawn for use. In either of these cases piping can be properly ar-

ranged for the purpose of drawing the oil by an ordinary hand

pump, which should be provided with proper arrangements for taking

care of the dripping or by the more modern systems which are in

the market and which, if desired, can be arranged to measure accurately

the quantity drawn, practically eliminate dripping, permit of locking and

which are susceptible of other modifications and additions if desired.,

In compliance with the instructions to the Committee to report

on the design and detail arrangement of oil houses at terminals, a

cross-section of a typical oil house, 20 by 40 ft., is submitted herewith.

(Plate 8). It is not intended that this cross-section shall indicate any-

thing as to architectural effect, this being a phase of the matter that

should be governed by surrounding conditions, but as to the construction

features, it should be stated that they are adapted principally from two

or three of the designs which the Committee thinks were among the

best received. Modifications of this design can be made to apply

to other sizes and arrangements of oil houses.

In this design it is intended that on the main floor should be

located the pumps or faucets by which the oil is drawn for use. This

floor would also be used for unloading barrels of oil for filling the

tanks by means of pipe connections through the floor, for storage of

waste in metal receptacles and for such other purposes as would be

convenient and proper. Oil which comes in tank cars would be piped

direct to the tanks in the basement.

In case the conditions make it desirable, these tanks could be

located under ground outside of the building in which the oil is drawn

and the basement of the building used for other purposes, but it is

thought desirable that the storage tanks be in a place where they

are easily accessible.
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Compressed air lias been used instead of hand pumps for deliver-

ing the oil, but as the mixture of air with the oil interferes with the

delivery at the faucet, besides causing deterioration in the oil itself,

it has not been an entire success.

PLATE 8—TYPICAL OIL HOUSE.

/?£COMM£/VD£D TrP/CAL O/L //Oi/S£

20 /T x 40 FT

C/?OSS SECT/ON

1

> Ut\

In the opinion of your Committee the use of compressed air for

this purpose is not necessary, as the modern systems on the market

deliver the oil satisfactorily and measure it accurately, even when the

point of delivery is at a considerable height above the storage tanks.

CONCLUSIONS.

(1) When practicable, oil houses should be isolated from the

other buildings at a terminal.

*(2) Oil houses should be fireproof and Ihe storage should be

either under ground or in the basement.

(3) Oils that are stored in sufficient quantities should be de-

livered to the tanks in the house direct from tank cars. Eor oils

that are stored only in small quantities provision should be made
for delivery to storage tanks from barrels by pipes through the floor.

(4) The delivery system from the storage tanks to the faucets

should be such that the oil can be delivered quickly and measured.

The delivery should also be such that there will be a minimum of
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dripping at the faucet and that the drippings be drained back to the

storage tanks.

Respectfully submitted,

O. P. Chamberlain, Chief Engineer, Chicago & Illinois Western Rail-

road, Chicago, 111., Chairman.

Maurice Coburn, Engineer Maintenance of Way, Vandalia Line, Tcrre

Haute, Ind., Vice-Chairman.

Geo. W. Andrews, Inspector of Maintenance, Baltimore & Ohio Rail-

road, Baltimore, Md.

S. D. Brady, Chief Engineer, Little Kanawha Railroad, Parkersburg,

W. Va.

A. C. Butterworth, Assistant Engineer, Missouri Pacific Railway, St.

Louis, Mo.

H. M. Cryder, St. Louis, 1M0.

Wm. T. Dorrance, Designing Engineer, New York Central & Hudson
River Railroad, New York, N. Y.

C. H. Fake, Chief Engineer, Mississippi River & Bonne Terre Railway,

Bonne Terre, Mo.

P. F. Gentine, Division Engineer, Missouri Pacific Railway, Atch'son.

Kan.

E. N. Layfield, Chief Engineer, Chicago Terminal Transfer Railroad

Chicago, 111.

M. A. Long, Architect, Baltimore & Ohio Railroad, Baltimore, Md.

John S. Metcalf, Chicago, 111.

W. H. Sellew, Principal Assistant Engineer, Michigan Central Railroad,

Detroit, Mich.

L. D. Smith, Engineering Department, Southern Pacific Company, Oak-

land, Cal.

C. H. Stengel, Designing Engineer, Virginian Railway, Norfolk, Va.

E. W. Wiggin, Superintendent Bridges and Buildings, New York, New
Haven & Hartford Railroad, New Haven, Conn.

Committee.

•Amend to read: "(2) Oil houses should l>i* fireproof, and storage in
large houses should preferably be ''it);t<r under ground or in the basement."



DISCUSSION.

The President :—The report of the Committee on Buildings will

now be considered. Mr. O. P. Chamberlain, of the Chicago & Illinois

Western, is the chairman, and will make a prefatory statement.

Mr. O. P. Chamberlain (Chicago & Illinois Western) :—In taking

up the report of the Committee on Buildings, I would suggest that

we first consider some of the changes we have recommended in the

conclusions now in the Manual, and I suggest that the conclusions

as they now appear in the Manual be read and also the changes we
recommend in those conclusions.

The President:—The Secretary will read the version in the Man-

ual and also the substitutes recommended by the Committee.

The Secretary :—Conclusion 2 in the Manual reads

:

"The additional security against interruption to traffic from fire

warrants the serious consideration of the construction of a round-

house with a reinforced concrete roof."

The change recommended by the Committee is as follows : "Un-

der ordinary conditions, the reinforced concrete roof is the most

desirable for a roundhouse, because of the greater security afforded

by it against interruption to traffic through damage to the roundhouse

and its contents and because of its economy."

Mr. C. F. Lovveth (Chicago, Milwaukee & St. Paul Railway) :

—

I am quite in accord with the Committee to the extent of saying

that a concrete roof for a roundhouse may be very desirable, is fire-

proof, and that frequently it may be economical ; but I think it is

going too far to say that under ordinary conditions all roundhouses

should be built with reinforced concrete roofs. The position the con-

vention took last year is sufficient, and there appears to be nothing

to be gained by going farther. The action of last year is found on

page 188 of the Bulletin, and was that the greater security from fire

by a reinforced concrete roof warranted its consideration. Why should

this Association commit itself further in this matter? I therefore move

that the conclusion of the Committee be not concurred in.

Mr. W. B. Storey, Jr. (Santa Fe) :—By reference to page 191

it will be noted that the Santa Fe has probably a larger number of

reinforced roundhouse roofs than any other company in the Asso-

ciation. As representing that company, I wish to second Mr. Loweth's

motion. I agree with the reasons advanced by him and believe that

we should abide by the action taken last year and not adopt the

present conclusion.

Mr. Maurice Coburn (Vandalia Lines) :—The Committee went over

the objections made at the convention last year and endeavored to

learn all it could about the points covered. We were asked to present

1129
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what additional information we could as to roundhouses already built

and the results obtained from them. From the information we could

gather the results have uniformly been successful as to every point.

We went into the question of the chance of corrosion of the steei in

the concrete, and we found there were some very elaborate experi-

ments made in Germany on this subject which seemed very conclusive.

The large number of reinforced concrete chimneys which are being

built would seem to warrant the faith in reinforced concrete in places

where corrosive gases are liable to be present. In chimneys conditions

are so much worse than in a roundhouse that it seemed to us that

the chance for corrosion in a roundhouse is practically nothing at all.

I will read what we had in the report about this point:

"Some elaborate experiments made in Germany in 1907, by E.

Probst, had this subject under consideration. jMr. A. E. Lindau, of

the Expanded Metal & Corrugated Bar Company, has kindly made

available for us the record of these experiments, which is included

in a report of Busing and Schuman to the Cement Manufacturing

Association, published by the Deutsche Bauzeitung. These tests sub-

jected concrete beams under load to a highly concentrated mixture

of steam, oxygen and carbon dioxide, which entirely corroded un-

protected bars in 24 hours. Some of the beams were loaded up to

nearly the elastic limit of the steel, and no rust resulted after the

beams had been subjected to the gases for over 12 days. However,

when the beams were so loaded as to exceed the elastic limit of the

steel, cracks were found which caused considerable corrosion. In a

building properly constructed such cracks should not occur. The

atmosphere in a modern roundhouse is such that a long time must

elapse before enough corrosion can occur to equal the severity of

the action of a few hours under the tests quoted."

It seemed to us that the advantages to lie sained by the construc-

tion of a concrete roundhouse are so great and that the results so

far obtained in this work, and the many uses to which concrete is

being put, warrant us in adopting the conclusion as recommended.

Concrete buildings are being built all over the country, in places where

they are subjected to much severer conditions than we have in a

roundhouse, and we think it is no experiment. Above all advantages

is the avoidance of danger from fire and other externa] causes. The

roundhouse fires arc a good deal more numerous than one thinks until

he goes into the subject, and they are such a serious item when they

do occur that anything we can do to avoid them is well worth while.

A house with a concrete roof is. in the long run. going to require

considerably less for repairs and be more economical. It will be a

saving in insurance as well as a saving in maintenance. One of the

points broughl up last year in the convention was the condensation on

the under side of the roof. Our investigation shows that this con-

densation is no worse in a house with a concrete roof than in a

house with a wooden roof,
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Mr. L. C. Fritch (Illinois Central) :— I do not understand that the

carrying of Mr. Loweth's amendment would affect this matter in any

way. I agree fully with Mr. Loweth, that the Committee has injected

into this new clause an ordinary condition which is not found in

the conclusion of last year. It seems to me that the recommendation

now in the Manual is much more to the point and covers exactly

the ground Mr. Coburn has touched upon, the matter of fire protec-

tion. Personally, I would like to see Mr. Loweth's amendment carried.

Mr. Jos. O. Osgood (Central Railroad of New Jersey) :—I agree

with Mr. Loweth and the other gentlemen in the conclusion that it

is not wise to pass the recommendation as stated by the Committee.

The company I represent, the Central of New Jersey, has a number
of concrete roofs. We have used them in quite a number of places,

and we have looked toward using them in roundhouses, but we have

not yet been able to figure out that there was any real economy in

doing so. There may be, under certain conditions, but the difficulties

of protecting the steel, and at the same time keeping the cost of the

roof within reasonable limits we find a difficult matter, and up to

this time have not been able to accomplish it. It seems to me it would
be unwise to have any statement appear in the recommendations indi-

cating that the roof is an economical one. We have not been able

to figure out that it is economical.

Mr. C. H. Cartlidge (Chicago, Burlington & Quincy) :—I think

we should either endorse using reinforced concrete or refuse to endorse

it; say what we definitely recommend in the style of construction.

I think most of us will agree that a reinforced concrete roof is

desirable under a great many circumstances, but I think we ought

not to agree to exclude every other sort of roof.

Mr. Coburn :—As stated in the discussion last year, we do not

consider the Canadian Pacific roof as a strictly reinforced concrete roof.

We do not consider it the sort of roof that we recommend.
The President :—The question is on iMr. Loweth's motion that

conclusion 2, as suggested by the Committee, be not concurred in.

(Motion carried.)

The Secretary:—Conclusion (3) as it now appears in the Manual,

reads as follows : "When the roof is of reinforced concrete the col-

umns should be of the same material." The substitute as now recom-

mended by the Committee reads: "When the roof is of reinforced

concrete, the columns and roof beams should be of the same material."

Mr. Cartlidge :—1 move that the conclusion of the Committee as

now presented be concurred in.

Mr. Osgood:-—I object to that. I do not believe in undertaking

to prescribe reinforced concrete columns. I think the objection to them

is greater than to reinforced concrete beams. Reinforced concrete

columns may occupy more space than cast-iron or wrought-iron columns,

and the columns are not likely to to suffer to any such extent as the

roof from the action of the gases.

(Motion carried.)
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The Secretary :—Conclusion (4) now in the Manual reads : "Re-

inforced concrete should he used for the walls only where special

conditions reduce its cost below that of brick or plain concrete and

where plaster is not considered satisfactory." The conclusion rec-

ommended as a substitute is as follows: "Reinforced concrete should

be used for the walls only ' where special conditions reduce the cost

considerably below that of brick or plain concrete and where plaster

is not considered satisfactory."

Mr. Loweth :— I would like to ask the reason for this change ?

It would appear that the Committee has experienced a change of

heart since last year as to the relative advantages of reinforced con-

crete and brick walls.

Mr. Coburn :—We have not really changed our mind, except that

we think a brick wall is more satisfactory than a reinforced concrete

wall, and unless you are going to save money by it, we do not rec-

ommend a reinforced concrete wall.

(Motion carried.)

Mr. M. L. Byers (Missouri Pacific) :— I suggest that we adhere

to the use of the word "enginehouse" instead of "roundhouse"

throughout.

The President:—The Committee will take it under consideration.

Mr. Chamberlain :—On page 203, under "smoke removal," which

was one of the topics given to> the Committee, there occurs another

suggested substitution which, at the request of the chair, we will take

up out of the regular order. I would say in regard to this that the

principal reason for these changes is that there is already a conflict

in the Manual, and going over this matter after the conclusions bad

been adopted by the Committee and checking it up with the Manual.

it seemed wise to try to get the matter in the Manual in such shape

that that conflict would not exist.

The Secretary:
—"Smoke removal should be separately provided

for by the use of jacks, and the currents produced in the jacks should

be utilized for aiding ventilation in the house by drawing air from the

top of the house through annular openings leading into the top of

the jack. Jacks should be without dampers, fixed and built of non-

corrosive material with cross-section not less than 30 in. in diameter.

They should he of smooth material, circular in section above the hood,

and extending well above the root line; care in design slim, Id be

taken to avoid any corners. The hood of a jack should have a mini-

mum length of 10 ft. so as to permit variation of location n\ an

engine on the pit. The bottom of the jack should be as low as the

engines served will allow, and it should be furnished with a drip

trough; the slope upward should be gradual to the flue."

Mr. Cartlidge:— I move to amend the conclusion of the Com-
mittee by the addition of the word "preferably." between the words
"and" and "built," in the fifth line, so that it will read : "Jacks should

be without dampers, fixed and preferably built* of non-corrosive ma-

terial."
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The President :—The Committee accepts the amendment.

Mr. Loweth :— I would like to inquire what is meant by "non-

corrosive jacks." A large percentage of the roads throughout the

country are using cast-iron jacks of one pattern or another, and

cast-iron is corrosive.

Mr. Osgood :— I have an idea that may refer to some of the

asbestos materials. Recently we have had some experience with that

class of material which indicates, if it is non-corrosive, it is not last-

ing. Some that we put in a few years ago has already begun to

fail. It failed more quickly than cast-iron.

Mr. W. T. Dorrance (New York Central) :—The Committee, by

the use of the word "non-corrosive," meant a material that was not

affected by gases escaping from the stack of locomotive, so that

the jacks would be practically permanent, at any rate as permanent

as the enginehouse. The Committee had no particular material in

mind and simply intended to indicate that a permanent jack should

be used.

Air. G. H. Bremner (Chicago, Burlington & Quincy) :—Is it not

a fact that most of the jacks at the present time are being made
square or rectangular?

Mr. Dorrance:—The Committee believes that the function of the

jack is to ventilate the house and that the circulation of air is better

secured by a circular opening, rather than by a square opening. The
currents of air are freer to move, and there is no retarding effect

by currents in the corners, and a circular shape is, therefore, the

ideal shape.

Mr. Loweth :—Included in this report is a list of the various kinds

and types of smoke jacks used by railroads throughout the country

(pages 198 and 199), from which it appears that a large number of

roads, including the one I represent, are getting satisfactory results

from a type of smoke jack different from that recommended in the

conclusion of the Committee. The Committee asks the Association to

adopt a conclusion which would exclude cast-iron for use in smoke

jacks. There may be advantages in the type of smoke jack, and the

material of which it is to be made, as recommended by the Committee,

but I fail to find sufficient reason for excluding the several other

kinds of jacks now so extensively and satisfactorily used. I therefore

move that the conclusion of the Committee be not concurred in.

Mr. Chamberlain:—There are other materials to be considered in

connection with that. I think the matter has not been brought as

clearly before the convention as it might be on account of the Sec-

retary not having read the conclusions for which we present this

substitute. Outside of the fact that there are some changes in the

recommendation, there also remains the condition that exists in the

present Manual of Practice, in which there are some inconsistencies

;

that is, there are two different things recommended, two pages apart,

and that was one of the things which we wanted to reconcile; and
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while I concur in the recommendations of the Committee, there is

very little in the recommendations which differs from what is already

in the Manual. I would suggest, before this motion is put, if I am
in order, that the Secretary read recommendation (8) in the Manual

of Practice, on page 68, and also read from the paragraph in regard

to smoke jacks, on page 70. That will put the matter in a little

better shape before the convention.

The Secretary:—Conclusion (8), page 68, of the 1907 Manual,

reads as follows: "Smoke jacks should be fixed, having large hoods;

constructed preferably of non-corrosive material and supplied with

dampers. The cross-section of the stack should be not less than 30 in.

in diameter." The clause relating to "Smoke Jacks," on page 70 of

the Manual reads: "The enginehouse smoke jack should be fixed;

the bottom opening should be not less than forty-two (42) in. wide,

and long enough to receive the smoke from the stack at its limiting

positions, due to the adjustment of the driving wheels to bring the

side rods in proper position for repairs. The bottom of the jack

should be as low as the engines served will allow, and it should be

furnished with a drip trough ; the slope upward should be gradual

to the flue ; the size of the flue for the largest locomotives should

be not less than forty-two (42) in. in diameter ; a damper should be

provided in the flue, easily adjusted from the floor, and the material

used should be non-combustible and non-corrosive."

Mr. L. C. Fritch :— I hope that Mr. Loweth's amendment will

carry and that the present recommended practice stand. The Com-

mittee, in its new conclusions, has left out a very essential element,

and that is that the material from which the jack should be built

should be non-combustible. I think we should get away from the

practice of wooden smoke jacks. It is one of the greatest sources of

danger from fire that we have. I hope the former conclusions will

stand.

Mr. Chamberlain:—In regard to that portion of the conclusion,

the Committee would be very glad to accept, in the fifth line of the

conclusion, on page 203, a substitution to read in this way : "Fixed

and built of non-combustible and preferably non-corrosive material."

As the recommendations are in the Manual, there is a conflict. One
recommendation calls for a 42-in. flue and the other calls for a 30-inch.

Those two recommendations should be harmonized in some way, and

one of the objects of this change in the conclusions was to reconcile

the discrepancies which are now in the Manual. I hope that Mr.

Loweth's motion will not prevail.

Mr. R. D. Coombs (Pennsylvania Tunnel & Terminal) :—May I

suggest that if the conclusion is amended to read, in the fifth line,

"fixed and preferably built of non-corrosive and non-combustible

material," it would satisfy all requirements?

The President :—The chair will ask Mr. Loweth if the sugges-

tion made by the chairman of the Committee will meet his views?



BUILDINGS. 1135

Mr. Loweth :—No, sir; it will not. There are a great many smoke
jacks in satisfactory use throughout the United States that would not

conform tO' this conclusion.

The President :—The question is on the amendment that the con-

clusion of the Committee referring to smoke removal he not con-

curred in.

Mr. L. C. Fritch :—I would like to offer an amendment to Mr.

Loweth's motion, to strike out from the Manual recommendation No.

8, page 68.

Mr. Loweth :—I will accept the amendment.

The President :—The question is to strike out from the Manual

conclusion No. 8. Are you ready for the question?

Mr. Chamberlain:— I am inclined to think from the way the matter

is inserted in the Manual, that this conclusion on smoke jacks should

have been substituted ; for while the wish of the convention, as I

understand it, is not to accept the conclusion recommended by the

Committee, I should still think the conclusion on page 70, on smoke

jacks, should be substituted for the recommendation on page 68, which

has been stricken out. That is necessary to put the matter in an

orderly manner in the Manual. I will make that motion, that the

conclusion on page 70 on smoke jacks be substituted as paragraph 8,

which has been stricken out.

Mr. L. C. Fritch :—My idea was not to affect the conclusions on

smoke jacks in the Manual, simply to cut out recommendation No.

8, page 68, of the Manual. Leave the smoke jack conclusions as they

are in the Manual.

Mr. Chamberlain :—This is certainly a matter of the orderliness

of the Manual, it seems to me. These recommendations which begin

on page 67 of the Manual are under the "requirements of a modern

roundhouse." Properly, if we are recommnding certain things and

giving requirements for a modern roundhouse, our conclusion on smoke

jacks should come under that heading. That is the only point I make.

I think the paragraph on smoke jacks is out of place in the Manual,

and that the conclusion forming the paragraph headed "smoke jacks"

should be substituted for paragraph 8, which has been ordered stricken

out.

The President:—The Board will see that the suggestion is carried

out. The Secretary will read the first conclusion on page 202.

The Secretary:
—

"(1) Heat should be concentrated at pits.

"(2) General temperature of the enginehouse should be kept

between 50 and 60 degrees.

"(3) The best method for heating enginehouses is by hot air

driven by fans through permanent ducts (under the floor where prac-

ticable). The supply should be taken from the exterior of the build-

ing (no recirculation should be allowed). The air should be delivered

to the pits under the engine portion of the locomotive. Air to be

heated as far as {nay be by exhaust steam, supplemented as required

by live steam."



1136
, BUILDINGS.

Mr. Loweth :—Referring to conclusion (3), I move to strike out

the two clauses enclosed in brackets reading "under the floor where

practicable" and "no recirculation should be allowed."

It is always practicable to put the hot-air ducts under the floor,

but is much more expensive, especially in old roundhouses, than to

put the air ducts up in the loof. The Chicago, Milwaukee & St. Paul

Railway has several roundhouses heated with hot air with galvanized

iron air ducts in the roof, and the results have been very satisfactory.

and the cost has been much less than to have put the air ducts under

the Moors. With reference to the second bracketed clause. I think

it is quite proper to allow some recirculation of the heated air. There

are times in the day when the air in the roundhouse is comparatively

clear and free from smoke, and the recirculation of the air at such

times certainly is conducive to economy, especially as there arc fre-

quently times when the exhaust steam is not sufficient to furnish

all the heat necessary. I think the men in charge of the roundhouse

should be privileged to exercise their judgment whether recirculation

of air is permissible or not.

The President:—The chair will ask the Secretary to read conclu-

sion (11), on page 68, of the Manual.

The Secretary:—Conclusion (11), page 68 of the Manual, reads:

"If the building is heated with hot air, it should be by the indirect

method, and the supply should be taken from the exterior of the

building (no recirculation of air should he allowed). The air should

be delivered to the pits under the engine portion of the locomotive.

Air ducts should he located under the floor.
p
and special precaution

should be taken to keep them dry."

Mr. Chamberlain:—With reference to MY. Loweth's motion in

regard to recirculation of air, I want to call attention to the tact

that our present recommendation is not different in substance from

the one now in the Manual. I move the adoption of the conclusions

as submitted by the Committee.

(Motion carried.)

The Secretary:
—

"(1) When practicable, <>il houses should be

isolated from the other buildings at a terminal

.

"(2) Oil houses should he fireproof and the storage should be

either underground or in the basement.

"(3) Oils that are stored in sufficient quantities should be deliv-

ered to the tanks in the house direct from tank cars. For oils that

are stored only in small quantities provision should he made for de-

livery to storage tanks from barrels by pipes through the floor.

"(4) The delivery system from the storage tanks to the faucets

should be such that the oil can he delivered quickly and measured.

The delivery should also lie such that there will be a minimum ^i

dripping at the faucet and that the drippings he drained lack to the

storage tanks."

Mr. L. C. Fritch:— I call attention to the typical oil-house plan

on page 206. It does not show any provision feu- ventilation, which
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is an important factor in oil houses. There should be proper ven-

tilation in these houses. There is also no provision for taking care

of waste; it is customary to store waste in oil houses.

Mr. E. N. Layfield (Chicago Terminal Transfer) :—As to the mat-

ter Mr. Fritch speaks of, the intention was that this drawing should

be corrected, and an opening left in the top of the wall, just below

the floor, to be properly screened, so as to prevent access from outside,

but to permit the ventilation suggested.

Another point that has occurred to the Committee, which may
also occur to some of the other members, is that there is no sugges-

tion as to heating, and, of course, that should preferably be done by

steam pipes.

I would say that this design is nothing more than a composite

of what appeared to the Committee to be the best points of the various

oil houses used by the different railroads, from which we had a large

number of drawings. This drawing is almost entirely composed of

the standard oil houses of three different roads, but the Committee
took the liberty of dissecting these drawings and picking out the points

in each that it considered best, and the system, as will be noted, is

merely the one in general use as to handling oil.

As to the point made by Mr. Fritch about there being no pro-

vision made for waste, it is common in oil houses of that kind to

have the waste kept in metal tanks on casters, so that the tanks can

be moved around. If the houses were large enough, and the quantity

of waste greater, it could be kept in stationary metal receptacles or

reinforced concrete receptacles. It is not intended by the Committee

that this design for an oil house is to be final. Necessarily, it is a

matter on which almost every member would have different ideas,

and it is much more difficult to meet the ideas of the members in

making a typical design, than it is simply to state conclusions in

words. It is not supposed, of course, anyone will follow this design

literally, but it is intended to embody the general practice of the

railroads in taking care of oil in quantities such as would be taken

care of by a house of that size.

Mr. L. C. Fritch :— I move that these conclusions be received as

information, and the matter referred back to the Committee for fur-

ther report.

Mr. Chamberlain :— I doubt the advisability of referring these

conclusions back to the Committee ; I think the members will agree

with most of the conclusions presented. Whether the Committee has

gone far enough, or whether it has omitted something which should

have been considered, is another question. I would very much prefer,

if the conclusions as presented meet with the approval of the Asso-

ciation, even though the matter be referred back, that this portion of

the conclusions be adopted and placed in the Manual.

As I understand M'r. Fritch's objection, we are guilty, as he

thinks, of some omission in this matter, but that should not prevent

the adoption of the conclusion as presented. I would be very glad
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to see Mr. Fritch's motion lost and the report adopted, and then it

would be in order to refer the matter back to the Committee for

further consideration.

The plan is not intended for the Manual, and we have not so

recommended. It is simply what we regard as typical, as Mr. Layfield

stated, made up by careful investigation of many plans which we
received from various roads. The matter of ventilation has not been

gone into in that particular plan, but there is an exp'anation en page

206 that we do not consider this a typical design so far as the budd-

ing goes. We say, on page 206, "Modifications of ibis design can

be made to apply to other sizes and arrangements of oil houses."

Our object is to show what we consider to be the proper way of

handling the oil. It would be almost unnecessary to state that the oil

house should be ventilated, any more than it should be necessary

to state that any other building should be ventilated.

Mr. Edwin F. Wendt (Pittsburg & Lake Frie) :—I seconded the

motion to refer the matter back to the Committee, not because I do

not agree with the conclusions ; they are correct, I think, very largely,

as stated. It does seem to me, however, that the Association is reach-

ing a point where it would be necessary to guard the Manual of

Recommended Practice by a rule which will require that we make-

no final conclusion until it has received a second presentation, and

been read a second time, at a second convention of this Association.

Any careful and critical study of- the Manual will lead to the con-

clusion that we are too hasty in adopting what is to go out to the

world as permanent, fixed, recommended practice.

My thought was strongly in accordance with the statements of Mr.

Chamberlain, that it probably was advisable to supplement and enlarge

the report and make a recommendation which will be more extended

and more comprehensive. That is my only reason for seconding the

motion. I hope that we will not take this matter under considera-

tion too hastily, printing conclusions which may in a sense be incom-

plete, because our proceedings are now in use in Australia, New
Zealand, India, China, Japan, and, in fact, every advanced country of

the entire world.

Mr. Chamberlain :— I think what Mr. Wendt has said in regard

to the precautions which should be taken concerning the printing of

material in the Manual has some merit. At the same time, we arc

working under the present rules of the Association. Under these

rules, this matter, if it meets with the approval of the Association,

should go into the Manual. If further supplemental material is needed,

refer the matter back to the Committee, and it will have to be inves-

tigated further; but do not. just lecause this report possibly is not

as complete as you would wish, if you approve of the recommendation,

turn it all back to the Committee. Something else can be substi-

tuted, or additions made another year.

The point I desire to make is that if these recommendations con-

form with your thought on the matter, they should go into the Manual
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under the present rules. If the present rules are changed later on,

and these matters have to come up twice before the Association, before

being accepted for the Manual, then we will work under those rules,

but now we are working under another system.

Mr. Fred Lavis (Pennsylvania Tunnel & Terminal) :—The point

was raised a short time ago by the chairman of this Committee that

certain matter was already in the Manual, and the change which was

proposed in that connection was simply continuing what had already

been approved in the Manual. It would seem to indicate that if the

matter was once in the Manual, that a precedent was established, and

I, therefore, agree we should be careful indeed as to what is put

in the Manual if the position is to be taken that what is there estab-

lishes a precedent for the Association.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :

—

I make a point of order that M'r. Wendt's remarks in regard to the

reconsideration of each clause at two meetings are not in order.

The question now is on the adoption of the Committee's report, which

is submitted under the present rules of the Manual.

In response to what Mr. Wendt has to say, I wish to call his

attention to clause 6 of the "Rules for Publication of the Manual,"

which reads as follows

:

"The Board of Direction shall have authority to exclude from the

Manual any matter which, in its judgment, it shall consider as not

desirable to publish, or as not being in proper shape, or as not having

received proper study -and consideration."

Mr. Wendt has been delegated by the Board of Direction to pay

especial attention to that particular matter, and it is up to him to keep

anything that has not been properly considered out of the Manual.

The President :—The point is well taken.

Mr. Chamberlain:—There has been no objection presented to any

one of these conclusions. Now, why should those conclusions, under

these circumstances, be referred back to the Committee? I think the

conclusions are approved by almost every member on the floor of this

convention.

Mr. L. C. Fritch :—With the consent of my second, I will withdraw

the motion.

Mr. Loweth :—If I understand the situation, it would now be in

order to propose an amendment to these conclusions?

The President :—Yes, sir.

Mr. Loweth :—In that case I will move to amend conclusion 2 to

make it read as follows : "Oil houses should be fireproof, and storage

in large houses should preferably be either underground or in the base-

ment." I propose this amendment because in small houses the expense

of putting storage underground or in the basement is out of propor-

tion to the risk, and in many cases is unnecessary, and it is only in

the larger houses that the expense of underground storage is war-

ranted.

Mr. Chamberlain :—The Committee will accept that.
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Mr. Layfield :—In drawing that conclusion we had in mind a house

such as is shown in the drawing, which will not go into the Manual,

and therefore I see no objection to the change suggested.

The President:— It is moved and seconded that the Committee's

conclusions in regard to oil houses, as amended, be adopted.

(Motion carried.)

Mr. Chamberlain:—On account of the changes in the proposed

conclusion, and the fact that this matter was taken up a little out of

the order in which it was presented in the report, I will take a few-

moments to call attention to three topics which have not been dis-

cussed. The Board of Direction, in its instructions to the Committee,

submitted as the first topic the following:

"(i) Reconsider amended conclusion (5), relative to locomotive

coaling stations (Bulletin 95, pp. 69-70)."

The President :—The Secretary will read that conclusion, if it is

desired.

Mr. Chamberlain:—I do not think it is necessary to take the time

of the convention to have that read. I will say the Committee did not

do any work on that recommendation ; it will be the proper thing for

the convention to refer it back for next year's report. In this con-

nection I will read what is stated on page 186: "Your Committee,

while not feeling that the subject has been exhausted at the last

convention, considers that it is unwise at the present time to reopen

the question. The developments of the next few years may make it

desirable to take the matter up at some future time." If it be the

will of the convention that we take this matter up next year, we will

be glad to do it.

The second topic on which the Committee was to report was: "121

Report on the use of reinforced concrete for coaling stations and

storage bins." The Committee did make quite an investigation of the

use of reinforced concrete for coaling stations and storage bins. \\ e

found that a few coaling stations had been built on some roads, but we

do not make any recommendatons in regard to them. Reinforced con-

crete for coaling stations and storage bins is a comparatively new-

proposition, and at the present time it is the feeling of the Committee

that coaling stations of this type are rather an expensive undertaking

for most roads. We have conferred with some engineers of roads on

which they have been constructed and they are inclined to agree with

us in this view. However, there are more and more of these build-

ings being constructed each year, and it would be quite proper tor th.it

matter to go back to the Committee for next year's work.

Mr. Wendt :—I suggest that the Committee consider the formula-

tion of a few definitions, and that the present conflict in the Manual

between the use of the words "roundhouse" and "enginehouse" be

harmonized.

The President:—The Committee on Buildings will be excused with

the thanks of the Association.



REPORT OF COMMITTEE NO. XV—ON IRON AND
STEEL STRUCTURES.

(Bulletin 10S.)

To the Members of the American Raikvay Engineering and Mainte-

nance of Way Association:

Your Committee on Iron and Steel Structures submits herewith

the report for 1908.

In Appendix A, your Committee presents a progress report on

Impact Tests.

In Bulletin 106 the Sub-Committee on Flat Spots on Car Wheels

presented the results of its investigations on the injury to bridges and

railroad structures caused by fiat spots on car wheels.

In Appendix B, your Committee presents a report on the mainte-

nance of bridges, including protection of steel structures from corrosion.

Your Committee reports progress on the remaining subjects assigned

to it by the Board of Direction and requests further time in which

to complete its work.

CONCLUSION.

Your Committee recommends the adoption of the report on

Maintenance of Bridges, and its publication in the Manual of Recom-

mended Practice.

Respectfully submitted,

J. E. Greiner, Consulting Engineer, Baltimore & Ohio Railroad, Balti-

more, Md., Chairman.

C. F. Loweth, Engineer and Superintendent Bridges and Buildings, Chi-

cago, Milwaukee & St. Paul Railway, Chicago, III., Vice-Chairman.

J. C. Bland, Engineer of Bridges, Pennsylvania Lines West, Pittsburg,

Pa.

iM. F. Brown, 47 Winter Street, Boston, Mass.

C. H. Cartlidge, Bridge Engineer, Chicago, Burlington & Quincy Rail-

road, Chicago, 111.

C. L. Crandall, Professor of Railway Engineering, Cornell University,

Ithaca, N. Y.

B. W. Guppy, Bridge Engineer, Maine Central Railroad, Portland, Me.

A. J. Himes, Assistant Chief Engineer, New York, Chicago & St. Louis

Railway, Cleveland, O.

Chas. M'. Mills, Principal Assistant Engineer, Philadelphia Elevated

Railroad and Subway, Philadelphia, Pa.
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A. D. Page, Principal Assistant Engineer, Chicago, Rock Island & Pa-

cific Railway, Chicago, 111.

C. D. Purdon, Consulting Engineer, St. Louis & San Francisco Railroad,

St. Louis, Mo.

A. F. Robinson, Bridge Engineer, Santa Fe Railway System, Chicago,

111.

C. C. Schneider, Pennsylvania Building, Philadelphia, Pa.

F. E. Turneaure, Dean, College of Engineering, University of Wiscon-

sin, Madison, Wis.

Wm. R. Webster, 411 Walnut Street, Philadelphia, Pa.

J. R. Worcester, 79 Milk Street, Boston, Mass.

Committee.



Appendix A.

IMPACT TESTS.

The Committee on Impact Tests begs to submit at this time a

simple statement of field work carried on during the past summer.

The field party consisted of Professors C. L. Crandall and F. E.

Turneaure, members of the Committee, and six assistants, four of them

being instructors from the University of Wisconsin and two instructors

from Cornell University. During the entire season thirteen instruments

were available for use and were generally employed. These consisted

of twelve extensometers and one deflectometer. The general method

of conducting the work was the same as during the previous season,

but the range of bridges upon which experiments were made was

considerably greater. The Committee endeavored to make the series

fairly complete for plate girder spans of various lengths and for short-

riveted spans. Additional data were obtained also on pin-connected

spans, the maximum length being 300 ft. Particular attention was also

given to tests on bridges with ballasted floors. Twelve bridges of

this type were included in the series.

A brief description of the several bridges tested, their location,

number of records secured on each bridge and date of observations

are given in the general table below. Additional information concern-

ing the types and weights of locomotives are given in the table of

locomotive data.

Including last year's records, the total number of records secured

amounts to some 15,000. Obviously the measurement, plotting and

analysis of these records will take much time, and it has been impossi-

ble to prepare such a synopsis of 'the results in time for publication

as would be of any practical value.
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Appendix B.

MAINTENANCE OF BRIDGES, INCLUDING PROTECTION
FROM CORROSION.

PART I.—MAINTENANCE.

(i) Debris, Dirt, Etc.—Debris should not be permitted to ac

cumulate at bridges, and all parts cf structures should be kept well

drained, and free of dirt, cinders, etc.

(2) Substructures.— (a) When substructures show indications of

movement or other weakness, they should be promptly protected by

riprapping, piles, bracing or other work, until the permanent repairs

are made.

(b) Cracked bridge scats or pedestals should receive necessary

repairs or renewals.

(3) End Bearings.-— (a) Roller bearings or sliding seats should

be kept in good condition so that they may have the proper play or

movement.

(b) Bedplates should be kept leveled up to give good bearing.

(c) Wooden wall plates should have sufficient bearing area be-

tween the flanges and the wood to prevent crushing, which is liable

to cause bending or splitting of the flanges.

(d) The superstructure should be kept clear of the masonry in

order to prevent buckling of the metal work.

(4) Track.— (a) The track construction on bridges and ap-

proaches should be well maintained, with good joints, and well bed-

ded or fitted ties in order to insure smooth running.

(b) Tics should be secured against bunching in case of derail-

ment, be spaced sufficiently close to support derailed wheels, and gen-

erally should not be more than 6 in. apart in the clear. They should

be sufficiently wide so that the intensity of pressure between the

rails and the wood under the heaviest locomotives will not cause cut-

ting into the wood. Tie plates should be used when necessary. Ties

should be proportioned according to General Specification require-

ments.

(c) Both inside and outside guards should be used, the inner

guard of steel and the outer of wood, notched over and connected to

ties so as to prevent bunching.

(d) Screw spikes in bored holes, instead of driven spikes, may
be used to increase the durability of ties and to insure good track.

(e) Defective or damaged timber should be promptly removed.

(5) Rivets.— (a) Good judgment should be used in dealing with

loose rivets. They should be cut out and replaced with tight rivets
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except in cases of no importance, care being taken not to loosen ad-

joining rivets nor injure the material. When there are only a few

rivets in a connection, it may be necessary to cut out all rivets to

secure good work.

(b) In backing out rivets which offer great resistance to re-

moval, a 3-in. round steel bar, with socket in the end of diameter

and depth to receive the expelled rivet, is recommended as a good

tool to facilitate removal and protect the surrounding work.

(c) After rivets are cut out, the holes should be carefully

reamed when necessary to make them true, in which case a larger

rivet should be used.

(d) In replacing loose rivets care should be taken to reduce the

effective section as little as possible, especially in sections of small

size.

(e) When the rivets in the top flanges of track stringers be-

come loose and do not remain tight after re-driving, a reinforcement

should be designed and applied under the direction of the engineer.

When necessary, the flange angles may be supported by additional

stiffeners tightly fitted under the top flanges, so that loads may be

transferred more effectively to the web plates.

(f) Where stringer connections to cross floor beams, or cross

floor beam connections to trusses or girders, show indications of over-

load, and the rivets cannot be kept tight, suitably designed reinforce-

ment should be applied under the direction of the engineer.

(g) Where a portable air riveter is available its use is recom-

mended when the number of rivets requiring removal and re-driving

will not unduly increase the cost. Difficulty in driving in cases where

space for the swing of a hammer is limited so that good upsets are

not obtained, may justify the use of a portable air riveter, even

though the number of rivets may not be large.

(6) Bolts.— (a) Bolted connections should be kept tight, and

where nuts are liable to get loose, threads should be burred. Where
required, check nuts should be used, longer bolts being inserted when
necessary to receive the extra nut.

(b) When bolts take shear and have become loose, a reamer

should be used to true up holes, and the bolts replaced by others of

larger size, making a driving fit. Unturned bolts may be used except

in important connections, provided holes are reamed slightly smaller

than the bolts.

(c) Reamers and bolts should be standardized and kept on hand,

so that securing tight-fitting bolts, whether rough or turned, may be

attained without delay and unnecessary expense.

(d) All bolts taking shear should have washers under the nuts.

Washers should not be less than >^-in. thick and from 2 to 2% in.

in diameter, to insure the body of the bolt engaging the entire thick-

ness of the metal connected.
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(e) Care should be taken to have threads on bolts taking shear

cut to the necessary length only, so that the body of the bolt will

be effective, and the threads terminate in the washer-.

(7) Adjustable Members.— (a) When counter rods with turn-

buckles do not remain in adjustment, they should be treated in ac-

cordance with the advice of the engineer, since it may be nee-

to replace or reinforce them on account of loads in excess of those

for which they were designed.

(b) Adjustable lateral rods should be kept taut so as to keep

lines true, and the connections should he maintained in good condi-

tion.

(8) Packing Pieces and Clamps.— (a) Loose eyebars should be

prevented from rattling and wearing the pins and holes, by the use

of packing pieces and clamps.

(b) Abrasion and cutting of rods or other members by rubbing

contact caused by vibration should he prevented by the application

of packings, clamps or stays.

(9) Pin nuts should be kept tight.

( 10) Reinforcement.— (a) Each structure should be studied for

the purpose of determining the amount of possible efficient reinforce-

ment, consideration being given to the relative economy of its appli-

cation and of the renewal of the structure.

(b) Partial renewal or local patching may be advisable, in which

case all damaged or corroded parts should he resti red as nearly as

possible to not less than their original efficiency.

(c) All reinforcement or alterations of any kind should only be

made under the direction of the' engineer.

TART II.—PROTECTION FKoM CORROSION.

(1) Protection Necessary.—A protective eating of paint on the

structural steel and in n in bridges should be maintained in order to

prevent corrosion which will impair the efficiency and endurance of

the structure independently of the wear and strains produced by the

traffic.

(2) Quality of Materials.—The constituents of paint should bi

the best quality, since the cost of applicatii n far exceeds that of the

materials and is the same for good and 1 r paints. The quality of

the pigments, oil and dryers should therefore he covered by proper

specifications and tests.

(3) Selection of Paints.— ( a ) The duty required should govern

the selection of the materials for paint. Cognizance should he taken

of weather conditions, since they differ widely in different localities

in respecf to humidity, rainfall and temperature. Consideration

should he given to localities near and in cities, where the atmosphere

contains the gaseous products of combustion, structures being fre-

quently expos,.,! to severe conditions in this respect. Special atten
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tion is required in the case of crossings, where overhead bridges are

exposed to the gases and cinders expelled from locomotives on the

tracks below. Special treatment should be given to coatings required

to resist the drippings from refrigerator cars, or when the service

is special in any respect.

(b) The selection of paint for any situation should be governed

by previous duty performed by the various compounds in similar

situations. Records should be kept of the various coatings used,

accompanied by all particulars of their application and service neces-

sary to determine properly their efficiency and durability. Such rec-

ords when correctly kept are the best guide in the selection of ma-

terials.

(c) In repainting over old paint, consideration should he given

to the character of the old paint, since imperfect adhesion of the

new coating may result in injurious effects.

(4) Procuring Paints.— (a) Paints may be procured in several

ways, as follows: (1) Compounds of standard commercial pigments

and dryers may be made by the railroad company, the quality of the

ingredients purchased being governed by proper specifications and

tests. If this method is followed, all pigments except red lead

should be purchased in paste form. Red lead paint should be mixed

only in such quantities as are used on the day when mixed. (2) Com-
pounds of standard commercial pigments, oils and dryers mixed ready

for use may be purchased from reliable paint manufacturers, pro-

vided proper specifications and tests govern the quality of the paint

furnished. (3) Proprietary paints may be purchased from reliable

paint manufacturers. In this case care should be taken to purchase

only those brands which have demonstrated their quality under service

similar to that required.

(b) Methods (2) and (3) are advantageous in that the mixtures

are made by grinding in mills, and are more uniform. .Method (3)

utilizes the skill and experience of specialists in making paint, and

when the value of the products in service has been established,

possesses advantages.

(c) The value of the standard commercial pigments and oils,

when subjected to proper specifications and tests, should be known
to competent master painters. No recommendations are made at this

time as to particular paints or paint materials. In view of the tests

and studies being made by a committee of the Society for Testing

Materials, with the mutual co-operation of engineers, chemists and

manufacturers, it is hoped that practice with respect to the materials

of paint will be reduced to a more rational and satisfactory basis.

(5) Season for Painting.—Repainting should be done during sea-

sons of the year when favorable weather conditions prevail, and

should not be attempted in freezing or wet weather. It is preferable

to permit the progress of rust for a limited time until favorable
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conditions obtain, rather than incur the risk of failure and loss of

labor and materials liable to result when paint is applied under

adverse conditions.

(6) Cleaning.— (a) Repainting should be preceded by thorough

cleaning of the surface. It is not necessary in all cases to remove

the old paint down to the naked metal unless corrosion is proceeding

under the old coating. A considerable portion of the old coating

often remains intact, through having scattered blisters, which may

be removed with wire brushes and scrapers.

(b) In cases where corrosion is proceeding under the coat-

ing, or when the paint is of such a character as will not bond to

the new paint, the old coating should be cleaned down to the naked

metal. For example, a bituminous or asphaltic paint should be en-

tirely removed when a linseed oil paint, or a paint with a vehicle

principally of linseed oil, is to be used.

(c) The best results, in cases where the entire removal of an

old paint is necessary, are obtained by the sand blast. Portable sand

blast machines operated by gasoline engines are convenient for this

purpose. The apparatus when properly proportioned and provided

with a suitable tank, would be available for operating a few pneu-

matic guns for driving rivets, and could be used for either one or the

other of these purposes separately, as required. Where humidity

prevails it is desirable to cover the sand-blasted surfaces without

appreciable delay.

(d) Scrapers should be made of tempered steel, spring steel be-

ing convenient for this purpose. A good scraper may be made by

grinding a chisel edge on one end and at the other end drawing the

temper and bending to the form of a hook about 2 in. long and re-

tempering. The end of the hook should be ground to a chisel edge,

so that one end of the tool may be used for pushing and the other

for pulling. The hook end may be used in striking where it is neces-

sary to remove scale or other adhering matter by blows.

(7) Wire Brushes.—Wire brushes for cleaning should have bris-

tles about No. 11 gage and about 2 in. long, and should have rein-

forced backs.

(8) Workmanship.—Care should be taken to work the paint into

all crevices, corners and joints and it should be well brushed out and

spread evenly in order to expel moisture on the surface. All sur-

faces so close together as to prevent the insertion of paint brushes

should be thoroughly coated by using pieces of cloth or other suitable

material. The heads and nuts of new rivets and bolts should receive

a coat of paint in advance of the general painting. Care should be

taken not to brush out the paint too thin on corners and edges.

(9) Brushes.—Brushes should be of the best quality, and, when
used by unskilled painters, sin uld preferably be flat, and, when by

skilled painters, should be round.



IRON AND STEEL STRUCTURES. 1151

(10) Special Protection.—When floor systems are exposed to the

action of corrosive liquids dripping from rolling stock, recourse may
be had to a protecting shield, "which may be made of duck and heavy

canvas fabric, saturated with materials as nearly as possible immune
from the corrosive effects of the drippings, or of wood, metal, con-

crete, mastics, etc. This subject is being investigated by a Special

Committee (see report of Special Committee on Brine Drippings).

(n) Smoke Shields.—On the under side of bridges at crossings

over steam roads, when the head room is so low as to subject the

metal to cutting by the cinders expelled from the locomotive ex-

haust, the paint is rapidly destroyed, and should receive the protec-

tion of a shield. Wooden shields made in removable sections to

facilitate erection and removal for repairs have been found to resist

the cutting action of the cinders for an indefinite time. Wood is bet-

ter than mortar or concrete placed on a steel fabric, since in cases

of low head room it will outlast the latter, and is much lighter in

weight. The wood should be white pine or a wood of similar texture

capable of receiving and retaining paint. The shield should be made

of i-in. material, dressed all sides, and should receive at least three

coats of paint on both sides. All parts to be in contact with other

wood or metal should be painted two coats before assembling. A
good iron oxide paint will answer this purpose.

(12) Troughs, Etc., Drained.—Troughs or pockets should be

drained. Recesses which cannot be drained should be fitted with a

waterproofing compound.

(13) Wood Surfaces in Contact.—Both surfaces of wood in con-

tact should always be heavily coated with paint before being placed

together. Surfaces of wood placed against metal should be similarly

coated. The life of a guard timber, for example, is thereby prolonged.



Appendix C.

REPORT OF SUB-COMMITTEE ON THE ALLOWABLE LENGTH
OF FLAT SPOTS ON CAR WHEELS.

The circular issued by the Board of Directors for the guidance of

the work of this Association during the current year directed Committee

No. XV to "continue investigations in regard to injury to bridges and

railroad structures caused by flat spots on wheels, conferring with com-

mittees of other associations." ,

On June u, 1908, Mr. J. E. Greiner, Chairman of the Committee,

announced that the Sub-Committee engaged upon this work in 1907 would

be continued.

A meeting of the Arbitration Committee of the Master Car Builders'

Association was held in Chicago April 29. Your Sub-Committee was
invited to attend the meeting, -but the Chairman alone was able to be

present. The immediate business before the meeting was supposed to

be a discussion of the statistics of the renewal of car wheels which

had been gathered at the request of the Arbitration Committee during the

months of January and February. It appeared, however, that the Arbi-

tration Committee had changed its attitude upon the subject since its

last meeting and announced that the subject was not a question of

economy at all ; that if any given flat spot was dangerous it should not

be permitted, and if not dangerous there was no need to consider it, and

that the Committee had no jurisdiction in the matter and could take

no cognizance of the subject except upon the presentation of specific

evidence of such danger. This was truly an arbitrary position, especially

as the Master Car Builders' Association had fixed the 2^-in. limit

thirty years ago, with no specific data and would now volunteer no effort

to determine the safety of that limit for high-capacity cars. It had been

hoped that the statistics collected would shed some light upon the

expense involved in a reduction of the limit, but the Committee declared

them to be of no value whatever and even misleading and declined tc

permit their use in the discussion.

After this decision of the Arbitration Committee, the only course

remaining was to gather such existing information as could be obtained

from the membership of our Association.

Accordingly a circular letter was prepared and sent out to all who
seemed to be in a position to furnish the desired information. Sixty

replies were received. Of these, thirty-eight indicated no knowledge of

any rail breakages due to fiat spots on wheels, eleven indicated the

possibility of such breakages and eleven recounted experiences more or less
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specific which, a: " whole, indicate quite conclusively that rails have been

broken by flat spots, although the spots were generally more than 2^2

in. in length and under a locomotive or tender.

Since the eleven replies last mentioned constitute the whole tangible

evidence of injury by flat spots and are in themselves of much practical

interest, extracts therefrom covering the desired information are attached

hereto. It will be noted that in the case reported by Mr. Burpee, the

flat spot was 3-in. long and the wheel was under a 100,000 lbs. capacity

car. In the case reported by Mr. Morse, the damage was done by a 6-in.

flat spot on a tender wheel, and the cases reported by Messrs. Rockwell

and Moore were due to tender wheels. Mr. Ewing reported a case of rail

breakage due to a 2$4-in. flat spot on a tender wheel and another due

to a driving wheel that was both flat and poorly counterbalanced. The
cases reported by Messrs. Safford, Kittredge and Clausen were due to

driving wheels. Messrs. Kelley and Richards make no statement con-

cerning the kind of wheel or the length of the spot involved in the case

reported. The case reported by Mr. Clausen was also reported by Mr.

Loweth, and was of a character so unusual and was reported with so

much detail that the full account, though somewhat voluminous, is attached

hereto.

Mr. Purdon has carefully canvassed his road for evidence of injury

by flat spots and reports some broken rails attributed to that cause. Mr.

Purdon's letter is reported in full because his investigation reveals a

typical situation as to the state of knowledge of the effect of flat spots.

Mr. Cushing has contributed a mathematical discussion of the subject

by his assistant, Mr. Stetson. He does not know of any damage attrib-

utable to flat spots (see Bulletin 104).

In the progress report of your Sub-Committee which was submitted

to the Ninth Annual Convention, it was suggested that the Sub-Committee

on Impact Tests should arrange to measure the impact of flat wheels on

bridge structures. Some work along this line has been accomplished

during the past summer, and the results which are not now available will

probably appear in the report of that Sub-Committee.

Inasmuch as the Arbitration Committee of the Master Car Builders'

Association had disclaimed any jurisdiction in this matter it was sug-

gested that it be referred to some other committee of that Association

and at the instance of President McNab, the Executive Committee of the

Master Car Builders' Association, at its meeting on July 13, referred the

subject to the Committee on Car Wheels, Mr. William Garstang,

Chairman.

This Committee held a meeting in Buffalo, November 7, at which

your Sub-Committee was represented by its Chairman, the other members

not being able to attend. The subject of flat spots received a very

thorough discussion at this meeting and the Chairman agreed to furnish

your Sub-Committee copies of the statistics relating to the renewal of

wheels which were gathered in January and February of the present year.
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These statistics have since been received. They were collected by

eight different railroads, namely:

Michigan Central Railroad,

Delaware, Lackawanna & Western Railroad,

Nashville, Chattanooga & St. Louis Railway,

Soutnern Pacific Company,

Union Pacific Railroad,

Chicago, Milwaukee & St. Paul Railroad,

New York, Chicago & St. Louis Railroad,

New York, Ontario & Western Railway.

They show the actual number of pairs of wheels renewed because of

flat spots in January and February, 1908.

Since there appeared to be no reason for considering the work of

each road separately, the statistics have been combined in the following

table

:

Table, Showing Total Number of Pairs of "Wheels Removed by Eight Rail-
roads, Because of Flat Spots, During the Months of January and Febru-
ary, 1908; Also the Number of Pairs of Wheels Having Flat Spots 2 in.

in .Length and Over But Below 2Y2 in- and the Number Having Flat
Spots 1% in. and Over But Below 2 in.

Capacity of Cars.
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stated that somewhere between the point of unquestioned safety, which

might be assumed for a 2j^-in. flat spot and a 6o,ooo-lb. car, and the

point of positive danger, which might be assumed for a 3-in. flat spot

and a 120,000-lb. car, there must be some point above which the 2>2-in.

limit was excessive. This point can be determined by a series of measure-

ments and the Committee was requested to unite with this Sub-Committee

in a recommendation that the measurements be made.

Professor Benjamin was present by the invitation of Mr. Garstang

and carefully described the means which he proposed for making the

measurements.

The Committee showed much interest in the subject and listened

attentively to all that was said, but in the end decided by unanimous vote

that the present 2*/£-in. limit is entirely sufficient and that no measure-

ments to determine the impact are necessary. The opinion was expressed

that the evidence submitted was not sufficient to show that the 2^-in.

limit was too high, and until that had been conclusively proven, the Com-
mittee would give the matter no further consideration.

It may be well to repeat here, what was said in the discussion at

the last Annual Convention, that the energy expended in the blow from a

flat spot can be measured and by comparing it with the energy required to

break a rail under the drop test, a factor of safety may be determiner!

that will afford an entirely rational means of selecting a limit for

flat spots.

It is desired to call attention to the "Form for Reporting Rail Failures

in Main Tracks," shown on page 16 of the Supplement to the Manual,

Bulletin 103, and to express the hope that the records preserved on these

blanks will soon afford more conclusive evidence of the injury due to flat

spots on wheels. Since this matter is of such grave importance to the

safety of our tracks and the traffic which they carry, the discussion

should be continued, new data collected, and further effort made to secure

the desired experiments. With this end in view, it is recommended that

the subject be referred to the Rail Committee and that the investigation

be continued.

Respectfully submitted,

Albert J. Himes, Assistant Chief Engineer, New York, Chicago & -St.

Louis Railway, Cleveland, Ohio, Chairman.

A. D. Page, Principal Assistant Engineer, Chicago, Rock Island & Pacific

Railway, Chicago, 111.

C. D. Purdon, Consulting Engineer, St. Louis & San Francisco Railroad,

St. Louis, Mo.
Subcommittee.
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Note.—In the following letters, references to flat spots 6 in. or more in

length should be understood to refer to spots not strictly flat, but which
have been worn inside of the true wheel circumference.

SUMMARY OF REPLIES TO CIRCULAR 103.

Bangor & Aroostook Railroad (Moses Burpee, Chief Engineer).

"In March of this year (1908) a loaded 100,000 lbs. capacity car ran

over several miles of our line, marking both rails of the track wherever

speed of the car was sufficient. Six rails were broken, evidently from

this cause. Five were new 85-lb. rails and one was an old 70-lb. rail.

The spot on wheel on one side was about 3 in. long, estimated load on

the wheel, 18,000 lbs."

The Atchison, Topeka & Santa Fe Railway Company (C. A. Morse,

Chief Engineer).

"Breakage caused by tender wheel.

Flat spot 6 in.

Weight of rail 85 lbs.

February, 1907.

Forty-one rails broken in 10 miles on one trip."

Lake Shore & Michigan Southern Raihvay Companyj (Samuel Rockwell.

Chief Engineer).

"On February 4, 1907, three 100-lb. rails were broken by switch engine

No. 4463 while passing from East Buffalo to West Seneca for repairs.

On the following ^date the tender from that engine was connected to

engine No. 4512 and sent to Buffalo Yard for service. On the trip from

West Seneca to the Buffalo Yard 17 100-lb. rails were broken. The en-

gine was then sent back to the shop and on the return trip broke 30 more

rails. It is therefore evident that the engine tank in question was the

cause of breaking 50 100-lb rails, all of which were practically new, 47

of them having been broken in one day.

"Upon the return of the engine to the shop it was found that on the

tender was a wheel with two flat spots each about 2 lA in. wide, 6 in.

long and about J^-in. deep with a short full space between the two

fiat spots."

Rutland Railroad Company (G. L. Moore, Chief Engineer).

"During my time of service on the Chicago & Alton Railway I remeiri

ber that over 100 broken rails resulted from the running of an engine

with a flat tank wheel from Chicago to Roodhouse. The rails broken

were all on the same side of the track and marks were discernible on

other rails which were not broken. This damage occurred during very

cold weather and had it not been for the automatic block signals, serious

results might have followed.
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"I do not now remember the date, but it was during the winter of

1002-3, I think."

Philadelphia & Reading Railway Company (C. H. Ewing, Engineer
Maintenance of Way).

"A short time ago we had 25 rails broken from a i-in. flat spot on an

engine tire, engine was running at a speed of about 50 miles an hour,

light. Upon investigation, however, it developed that this engine was not

properly counterbalanced, and it is very probable that the breaking of the

rails resulted more from the poor counterbalancing than from the small

flat spot.

"We had another case about two years ago where 33 rails were broken,

due to a defect in one of the wheels of an engine tender. The flat spot

measured about 2 l/2 in., but the wheel had a, flaw at the flat spot about

three-eighths of an inch in depth."

New York Central & Hudson River Railroad Company (Geo. W. Kit-

tredge, Chief Engineer).

"For example, on our Mohawk Division, fast passenger tracks No. 1

eastbound and No. 2 westbound, we had during one particular time 360

broken rails in the south rail of track No. 1 and 348 in the north rail of

track No. 2. On the opposite rails of the respective tracks we had less

than one-half the number. On our River Division we had during a par-

ticular period, 163 broken rails in the south rail of the eastbound track

and 136 broken rails in the north rail of the westbound track, while the

opposite rail of the respective tracks had only about 30 rail breakages.

"The broken rails on the Mohawk Division were practically eliminated

by the removal of the trailer wheels of an Atlantic type locomotive,

which were found to have a flat spot, the exact dimensions of which, how-
ever, I cannot now give. On the River Division one of the engines was
found badly counterbalanced, which may have accounted for the excess

of broken rails in that Division."

Illinois Central Railroad (H. R. Safford, Chief Engineer Maintenance

of Way).

"Rail broken by locomotive driver; flat spot 16 in.; weight of rail, 85

lbs. ; flat spot was 00 degrees ahead of pin on left forward driver ; do not

believe any lack of counterbalancing increased effect.

"On our Southern lines, which are laid with light rail, the number
of rail breakages seems to have increased since we have begun the

extended use of these cars. They create a greater wheel load than the

wheel load of the driver of character of engine we use, as the grades are

very low and engines light."

Pennsylvania Railroad (Jos. T. Richards, Chief Engineer Maintenance of

Way.)

"Acknowledging receipt of Circular 103, dated June 10, 1908, would

say that I know of breakages of rails by flat spots on wheels, but I can-

not give the particulars, that is, the length of the flat spots, etc."
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Grand Trunk Railway System (Howard G. Kelley, Chief Engineer).

"I can recall one instance, however, where for a distance of ten or

twelve miles every rail on one side of the track was more or less damaged

by a flat wheel, the result being that some of the rails required to be

taken out, while others remained in service for several years."

St. Louis & San Francisco Railroad Company (C. D. Purdon, Consult-

ing Engineer).

"Replying to your circular letter of June 10, asking information about

broken rails caused by flat spots on wheels, etc., I sent a circular to our

Division Superintendents, but regret to say got little or no information,

no records having been kept by the ten Division Superintendents.

"Seven know of no broken rails that can be said to have been caused

by flat spots on wheels. One thinks a flat spot would break the wheel

before it would break the rail. One is unable to locate any broken rails

which can positively be traced to flat spots, but is satisfied that during

last winter he had two cases of broken rails due to flat spots. In one

case 8 rails were broken in one mile, all on same side of track, down

grade, 56-lb. steel. The other case was similar, except that 7 broken

rails were spread over three miles.

"One states that some time ago he had several rails badly bent, and is

satisfied the damage was caused by flat spots, the distance between the

bends being uniform ; however, he and the Mechanical Department were

unable to locate any flat spot on equipment on or about that date.

"As for the effect of ioo,ooo-lb.-capacity cars : One has not noticed any

relation ; one states that 20 per cent, more breakage occurs from the use

of 100,000-lb. cars, as against 8o,coo-lb. ; one has had a large increase in

breakages since the ioo,coo-lb. cars became common ; one says that there is

no question but that the 100,000-lb. cars are responsible for a great many

breakages on light rail ; one does not believe that the 100,000-lb. cars cause

any increase of breakages ; one has not observed any difference ; five do

not give any opinion."

Chicago, Milwaukee & St. Paul Raikvay (L. R. Clausen, Superin-

tendent).

"Some time in the year 1900, we had an engine with a flat spot on

rear righthand driver 32 in. long and 7-32 in. deep, which broke about

27 rails during one week's time (85-lb. rails), not to exceed one or two

years old.

"We had another case of a freight engine being put on a passenger

train and breaking in the neighborhood of 80 rails on one run between

Waukesha and St. Paul.

"We have no record of a flat spot on a second engine."
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Mr. L. R. Clausen, Superintendent, C, M. & St. P. R. R., Union Pas-

senger Station, Chicago, 111.

"Dear Sir : I have your letter of June 27th, replying to Circular No.

1:03, concerning injuries due to flat spots on wheels, and thank you very

much for same. Your information is very valuable and I appreciate your
effort to supply the desired information. I wish, however, to ask you
for the length of the flat spot spoken of as having broken 27 rails in the

year 1900. The length of the spot is given as 32 in. both on the report

and in your letter. Not having run across spots of such length hereto-

fore, it seems to me that perhaps you intended 35^-in. or 3.2. In report-

ing this information to the Association I wish to be sure that there is no

misunderstanding."
Yours trulyj

(Signed.) Albert J. Himes,

Asst. Chief Engineer.

Mr. A. J. Himes, Asst. Chief Engineer, N. Y. C. & St. L. R. R., Cleve-

land, O.

"Dear Sir : Replying to your letter of June 30th in regard to flat

spots in driving wheels, in which you questioned the length of 32 in.

given in reply to your circular. >

"I have taken this up with Mr. Moll, our former General Roadmaster,

and Mr. Manchester, Superintendent of Motive Power, and replies from

themi are attached, from which you will see that the length of 32 in. is

Yours truly,

(Signed.) L. R. Clausen,

Superintendent.

Mr. L. R. Clausen, Superintendent, Chicago, Illinois.

"Dear Sir: Replying to yours of July 15th attached: Mr. Moll's

letter to you of the 13th inst. details with reasonable correctness what

was found true in connection with the service on the Bluffs Division.

"During a very cold spell of weather a number of rails were broken.

The discovery of the broken rail seemed to point to one of two or three

engines and careful examination was made of these engines, using our
usual tire gage tools; but no flat spots could be detected by our tire

gage experts. We then sent men to ride the engines to see if they could

discover anything wrong and they in turn failed to find the defects, and
the breaking of the rails still continued, and we finally resorted to a

gage test of the tread of the tire from the axle center and this showed
a flat spot nearly 1-16 in. and 32 in. long, as indicated by Mr. Moll. Fol-

lowing this we had all of our engines measured and found several cases

of tire out of round, or with uneven wear, and in all of these cases the

tire was changed to correct this. The case referred to by Mr. Moll

• occurred some six or seven years ago. We then got up gages and
issued instructions to our roundhouses that their monthly inspection of

tires must include the testing of the tire on all engines with drivers over
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63 in. in diameter with the center gage, and whenever an uneven wear of

1-16 in. or more was found, the tire must be changed, and this was

still further reinforced by requiring in extremely cold weather that

this test be followed once a week.

"We have since had two or three cases of rail breakages under just

the same conditions as the one already explained, and in each case an

engine has been found in service with an uneven worn tire and the with-

drawing of it from service has stopped the breaking of the rails, so that

our people have reached the conclusion that it is not flat spots in the

tire caused by sliding that do the mischief, but it is these long, uneven

worn spots that make no noise and cannot be detected in any other way

than by that already described. In nearly every case these uneven worn

spots show a length of 2 ft. or more.

"In every case with us, the breakage has resulted from the uneven

wear on engines with large wheels, 70 in. or more in diameter.

"I trust this will enable you to place the matter before the Commit-

tee in a way that it may be understood."

Yours truly,

(Signed.) A. E. Manchester,

Superintendent Motive Power.

Mr. L. R. Clausen, Superintendent, Chicago, 111.

"Dear Sir : Referring to attached letter from you to Mr. Laas and

letter from Mr. Albert J. Himes, rather doubting that flat spot on the

drive wheel 32 in. long, I beg to advise that 32 in. was correct. The

flat spot occurred on one driving wheel on the righthand side of engine

923, which was at that time running on the C. & C. B. Iowa Division.

Mr. H. B. Earling was Superintendent and was present when the meas-

urement was made. This engine broke something like twenty-seven rails

within a week. It was pulling a passenger train between Marion, Iowa,

and Council Bluffs, Iowa. The only way we could find the flat spot was

by centering the wheel and then measuring around it with a gage. The

ordinary manner of finding flat spots would not show it, neither could

you feel it riding on the engine at twenty-five or thirty miles per houi,

on account of its length, and these engines running at high speed ride

hard and thrash around a good deal, so that the flat spot could not be

felt then. The rails were all broken in places where the engine ran at

high speed. One of them was broken on a pile bridge right over the cap

of the bridge. I have no doubt but our motive department has a record

of the condition this engine was in. They had to be sent to Dubuque

shops and have all the tires turned down. These flat spots are not

caused by sliding of wheel, but usually occur right over the counter-

balance of the wheel, and there have been a number of cases since then

where we found similar flat spots, more especially on the passenger

engines with large driving wheels."
Yours truly,

(Signed.) J. B. Moll,

Tie Agent.



DISCUSSION.

Mr. J. E. Greiner (Baltimore & Ohio) :—The Committee on Iron

and Steel Structures submit, for information only and as a progress

report, the subject of maintenance of bridges, including protection

from corrosion. We invite written criticism on this report, and it

will be revised and resubmitted at some future date, in time for the

next convention, when we expect to have it in shape for publication

in the M'anual of Recommended Practice.

A subject that is of the greatest importance, so far as this

Committee is concerned, is that bearing on impact tests. As you

know, there has been a good appropriation made for the purpose

of investigating the dynamic effects of trains on bridges. The Com-

mittee has done a considerable amount of work in this line. Prac-

tically all of the tests have been completed, but they are not yet

worked out, and I will ask Professor Turneaure, who is the chairman

of the sub-committee in charge of these tests, to outline to the

Association the work that has been done, what remains to be done

and the additional amount of money that is required to bring the

work to proper completion.

Prof. F. E. Turneaure (University of Wisconsin) :—It has not

been possible to prepare a formal report for this meeting, but in the

Bulletin is a brief statement of the work done during the past season,

a brief description of the bridges upon which the experiments were

made, and some statements of the amount of work accomplished.

The work has now been going on for two seasons. During the

summer of 1907 some five weeks were spent in the field and in the

summer of 1908 some nine weeks
;

parties were made up of from

six to eight men, Professor Crandall and myself being in the field

continuously, the other members of the parties consisting of assistants,

bridge engineers and other engineers on the roads on which experi-

ments were being made. Some forty bridges have been tested of

spans of from 50 to 300 feet in length. On each of these structures

runs were made with test trains, consisting of a locomotive and gen-

erally enough loaded cars to load the bridge fully. Two to four dif-

ferent types of locomotives were generally employed. With these test

trains about 1,600 separate runs* were made. During the first summer

we had eight extensometers in use, and the second summer twelve,

and obtained something like 15,000 records to tabulate, correlate and

bring into final shape. The work has been done on eight different

railroads, the New York, Chicago & St. Louis Railroad ; the Santa

Fe ; Pennsylvania Lines; Norfolk & Western Railway; Illinois Central

Railroad; Chicago, Milwaukee & St. Paul Railway; Chicago, Burling-
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ton & Quincy Railroad and the Rock Island Railway. I may say on

behalf of the Committee that we are very grateful indeed for the

courtesies extended by the various railroad officials concerned and

the very great pains that have been taken in every instance to render

us every possible service. In many cases traffic has been shunted

around our particular piece of track and the very best of facilities

have been given us so that the tests could be conducted expeditiously.

In working up this mass of material, we have taken up, first, the

deflection records, these being somewhat simpler to work up and less

likely to individual and erratic variations. These records have now

been pretty thoroughly reduced, and the Committee has determined

upon the publication of these records as to facts. It has been im-

possible to meet and discuss these records as they should be before

any conclusions can be drawn, but the records themselves will stand

and it was thought they will be of very great value to those who

are particularly interested in this subject; so that the deflection

records, it is expected, will be published very soon as a separate

Bulletin.

I may say, in general, that from these deflection records we

have found percentages of impact, or excess of actual deflection over

static deflection, ranging all the way from 15 to 20 per cent, for the

longer spans up to 80 or 90 or 100 per cent, for the shorter spans.

These facts will all appear in this Bulletin. One thing that has been

brought out by these tests which may be considered as definitely

shown is that for all spans of considerable length, say 75 or 80 feet

and above, the greatest impact effect is produced when the train is

'

going at such a rate of speed that the rate of rotation of the drivers

of the locomotive correspond with the natural rate of vibration of

the loaded structure, giving a cumulative effect due to the impulses

from the excess counterbalance on the locomotive drivers. This speed,

which may be called the critical speed, is very well defined on the

longer spans. On spans of 200 or 300 feet in length this critical speed

will be, perhaps, 30 to 35 .miles an hour. A lower speed will give

very much less vibration ; a higher speed will also give less vibration

than this critical speed. For shorter spans, less than 50 or 60 feet

in length, this critical speed is higher than the ordinary maximum
speed at which trains are run. Those facts will appear in the pub-

lished Bulletin.

The extensometer records involve a mass of data which have

only been partially worked up, and the working up of the analysis

and correlation will take considerable time. We expect to get all of

this in form for final report next year, but it will take the greater

part of the year to accomplish this work. It is quite likely that wc

should, in order to round up the work, make experiments on a few

more bridges-, probably some spans longer than those already .tested.

The longest span yet experimented Upon is 300 ft. It will be of
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very material assistance to get a few points beyond that length, 400

and 500 ft. spans, if possible.

Incidental to the main work we have got some interesting in-

formation on secondary stresses, but that work has been purely

incidental. It was thought best to confine ourselves to the main

problem and not take time going into the subject of secondary

stresses, although it is very important. The Committee has spent

practically all of the appropriation of $5,500 for the two years. The

expenditures have been in general for the following purposes : The

cost of the instruments, repairs and so forth, has been about $1,200;

traveling and hotel expenses, $2,500, about $1,000 of that going back

to the railroad companies for railroad fare; salaries of assistants in

the field and office work about $1,800, making $5,500. The work is

not as complete as we hoped it might be at this time, but our field

work has covered somewhat more ground than we expected to be

able to cover when we started, and I think it is safe to say that

the results, when all are brought together, will give information that

will be very well worth the cost of the work. To complete the

tabulation and digesting of data will require some additional expendi-

tures, and if we could at the same time have sufficient funds to

make a few supplementary tests in the field, I am sure it would add

to the value of the report very much more than the relative cost of

the additional work. At the meeting of the Iron and Steel Struc-

tures Committee Tuesday afternoon the matter was discussed. I take

it from the suggestion of the chairman that I am expected to state

to the convention the results of that discussion, as to what funds

we thought we ought to have to complete this work in proper shape.

The conclusion we reached was that we should have an appropriation

of about $3,000 to get the work done in the best way and to make

it of the most value to the Association. The data that we have at

hand now can be rounded up and presented by an expenditure of

somewhat less than this, but I think the larger expenditure would

be very amply justified and would enable the Committee to present

a much more satisfactory report. I may say that it is expected

that the published data relative to deflections and impact as deduced

from the tests will be gotten together very promptly, so that all can

have the use of the data. It is not expected to publish conclusions

or discussions, but to publish facts, which will remain facts no

matter what the discussion may be later.

The Vice-President :—The matter is before the convention. Any-

one wishing to ask questions or suggest what can be done in. the way

of furnishing the funds may do so*

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—In

order to get the matter before the convention I desire to offer the fol-

lowing resolution :
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"Resolved, That it is the sense of this Association that the impact

tests be pushed to a conclusion and that the matter be referred to the

Board of Direction to find means for doing so."

In offering this resolution I assume that the Committee is of the

opinion that these impact tests should be pushed further.

The Vice-President :—I so understand the wish of the Committee.

If there is no discussion I will ask those in favor of the resolution to
N

so manifest it by saying aye.

Resolution adopted.

The Vice-President:—The matter will be taken under considera-

tion by the Board of Direction.

Mr. Greiner :—In Bulletin 106, published in December, is the report

of the sub-committee on Allowable Length of Flat Spots on Car Wheels.

This was a report that was continued over from the year before, and

it has been investigated as far as the members of this Committee feel

that they are justified in going, and we think that it is properly a

subject for investigation by the Rail Committee, and have so recom-

mended in this report. We recommend that the subject be referred to

the Rail Committee and the investigations be continued on account of

their importance.

The Vice-President :—This report of the Committee on Flat Spots

is very interesting. I presume many of you have read it over. Is

there any discussion on the question?

Mr. L. C. Fritch (Illinois Central) :—It seems to me that the Rail

Committee would not be exactly the committee to handle that subject,

because injury is also done to structures and bridges. I believe that

it would be preferably handled by a special committee, or possibly by a

joint committee of the Rail Committee and the Iron and Steel Struc-

tures Committee.

The Vice-President :—You would suggest that it be handled by a

sub-committee, or by Committee No. 15 directly? What would be the

opinion of the Committee as to handling that matter themselves further?

.Mr. C. D. Purdon (St. Louis & San Francisco) :—The chairman

of the Committee had several meetings with the M. C. B. Association,

but could not reach any results, and they finally turned it down cold

;

said they were perfectly satisfied with 2 1 {>-in. flat spots. We then

attempted to get data on what the additional cost of changing wheels

would be by reducing the flat spots to lj4- We have not succeeded in

getting that yet, and all the information we could get from operating

officials was generally mere matter of judgment than accurate data,

though we did secure a good many cases of broken rails that were

actually traced to a flat spot on a wheel. The Committee could con-

tinue to get the data, but I do not think it would be practicable foi

them to reach any result with the iM. C. B. Association, as they declined

to have anything further to do with it, and as the impact of the flat

spot goes to the rail first, we are of the opinion that it ought to go

to the Rail Committee first.
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The Vice-President :—Is there anyone here who can tell us whether

the matter has ever been handled by the American Railway Association

in any way? Do I understand that Committee No. 15 decline to handle

the matter further? Of course, compilation of further data is not

reaching a conclusion.

Mr. Greiner:—The Committee do not decline to handle the matter.

We are perfectly willing to continue it as far as we can go, but we

feel that so far as working with the Master Car Builders' Association

is concerned, nothing more can be done, and we also feel that it could

be more properly handled by the committee which is studying rails

than by the Committee on Steel Structures. If the Association desires

us to continue further, we are quite willing to do so. If the Associa-

tion is indifferent about the matter we prefer them to let some other

committee continue the investigations to a conclusion if they can.

Mr. L. C. Fritch :—The circular issued to the Board of Direction

was to the effect that investigations be made in regard to injury

to bridges and railroad structures caused by flat spots on wheels, con-

ferring with committees of other associations. It seems to me that

this is a very important branch of the subject and one which the Rail

Committee could not conveniently handle. This would be a very live

subject to be investigated with reference to impact on bridges, and it

seems to me at the same time they were making those tests they could

also make tests of wheels with different flat spots and determine the

effect on the structures.

Mr. Greiner :—We would be quite willing to make the experiments

if we could find some railroad that would furnish us with cars with

flat wheels and allow us to run the cars over the bridges at any speed.

That is the only way we can find out, unless we just happen to catch

a car with a flat wheel when we have our instruments on the bridge,

and sometimes we do that.

Mr. L. C. Fritch :— 1 think the railroads are sufficiently interested

to furnish cars with the flat spots. They have plenty of them. They

furnish them now without any request.

Mr. C. H. Cartlidge (Chicago, Burlington & Quincy) :—I want to

answer Mr. Fritch, in part at least. It is true that it would be possible

to investigate the subject from the point of view he mentions, if the

work did not preclude the doing of one in doing the other. We can-

not make the impact experiments exactly at the same time as we are

making tests for impact of flat wheels. They are two different propo-

sitions. One should not be included in the other. The trials for the

effect of flat spots will vitiate a good deal of the data for impact.

They should be kept separate. It follows that in order to carry out

such experiments we should have a double appropriation to carry on

a different series of tests. I know that the Committee will undertake

the work if the Association will provide the means necessary.
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Prof. C. Frank Allen (Massachusetts Institute of Technology) :

—

It seems to me this work is a matter that can very properly be left to

the Board of Direction, and I move that it be taken care of in that

way.

The Vice-President:—There is a conclusion on page 209 in regard

to the maintenance of bridges, but I understand from the preliminary

remarks of the chairman that he presents this matter as a progress

report for information only, designed to get written discussion from

the members. There is an opportunity now for verbal discussion on

the report. If there is no discussion we will excuse the Committee

with the thanks of the Association.



REPORT OF SPECIAL COMMITTEE ON UNIFORM
GENERAL CONTRACT FORMS.

(Bulletin 108.)

To the Members of the American Railway Engineering and Maintenance

of Way Association:

Your Special Committee on Uniform General Contract Forms pre-

sents herewith a progress report on the subject assigned by the Board

of Direction, namely

:

"Prepare uniform general contract forms and present recommenda-

tions on the subject."

Two meetings have been held, one at the office of the Association

in Chicago, August 12, 1908, and the other at 143 Liberty street, New-

York City, January 20, 1909.

Historically the subject-matter originated with Committee No. VI

—

on Buildings, which presented in Vol. 5, of the Proceedings, pp. 37-62, a

proposed form of building contract, and later published in Bulletin 68 a

compilation of the practice of various railroads in comparison with the

proposed form submitted by the Committee.

In Vol. 6 of the Proceedings, pp. 675-682, the Committee on Bui'd-

ings reported on a "Uniform Contract for Buildings, American Railway

Engineering and Maintenance of Way Association." This contract form

was based on the "Uniform Contract" adopted and recommended for

general use by the American Institute of Architects and the National

Association of Builders, revised 1902, being modified by the Committee,

however, to meet the requirements of railroad practice.

The proposed "Uniform Contract for Buildings" not being acted

upon, the subject was next assigned in 1906 to Committee No. XII—on

Uniform Rules, etc., to "Prepare a brief form of general contract appli-

cable to all classes of railroad work." This Committee, however, sug-

gested that the matter would more properly come within the province of

some other committee. As a result the Special Committee on Uniform

General Contract Forms was created in 1907 to handle the subject, but

was not filled until 1908, when the present Committee was appointed.

Realizing that the subject is one demanding careful and exhaustive

consideration, the work of your Committee has been concentrated mainly

on the deve'opment of an outline of the work in hand, before proceeding

with the preparation of uniform general contract forms for construction

work generally applicable to railroad work.

DEFINITIONS.

*Contract.—A formal agreement, either written or printed, between two

or more parties specifying terms, conditions, etc., under which cer-

tain obligations must be performed. (Specifications are a part of

the contract.

*Amend by omitting the words "either written or printed."
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Specifications.—That part of a contract describing in detail the char-

acter of obligation to be performed.

Primarily, it is necessary to know what fundamentally constitutes

a legal contract, after which the various phases relating to construction

contracts may be worked out.

THE ESSENTIAL ELEMENTS OF A BINDING CONTRACT.

The essential elements of a legal contract are four in number, and

variously expressed as fol'ows

:

According to Mr. John C. Wait, author of "Engineering and Archi-

tectural Jurisprudence," a binding contract must contain four essential

elements, viz.

:

(i) Two parties with capacity to contract.

(2) A lawful consideration : a something in exchange for its legal

equivalent—a "quid pro quo."

(3) A lawful subject-matter, whether it be a promise, an act, or a

material object.

(4) Mutuality : a mutual assent, a mutual understanding, and a

meeting of the minds of the parties.

No contract is binding in law un'ess it embodies each and all of

these essentials.

According to .Mr. J. B. Johnson, C. E., author of "Engineering Con-

tracts and Specifications," a contract to be legally enforceable must fulfill

the following essential elements

:

"First—The parties must be competent to make the agreement.

"Second—The subject matter must be lawful.

"Third—The parties must have mutua'ly assented or agreed to the

conditions named, or they must have been of the same mind and inten-

tion concerning the subject-matter.

"Fourth—Except in case of sealed contracts, there must be a valu-

able consideration.

"The four essentials of a legal contract, therefore, may be grouped

under the four words

—

Competency, Legality, Agreement and Consid-

eration."

The report of the Committee on Buildings, in Vol. 5 of Proceedings,

pp. 37-62, mentions the essentials of a contract as

:

(1) Two competent parties.

(2) Lawful consideration.

(3) Lawful subject-matter.

(4) Mutual assent and understanding.

These four essentia's are based upon the English common law.

In the preparation of a contract the four essentials must necessarily

be expanded and although specifications usually accompany and are made

a part of a contract, all matters pertaining to the specifications should

be excluded, especially in the case of a uniform general contract form.

The specifications, however, may be standardized as to generalities to

cover various types of Construction Work.
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Recognizing the four essential elements of a binding contract, the

Committee proceeded to determine components of a uniform general

contract, with a view of eventually developing and presenting such gen-

eral forms as become necessary.

RECOMMENDED COMPONENTS OF A UNIFORM GENERAL
CONTRACT FORM.

The components of a uniform general contract to be used generally

in connection with construction or engineering operations are two,

namely

:

(A) A proper agreement form.

(B) A statement of general conditions applicable to all classes of

construction operations.

The components (A) and (B) may be further amplified as follows:

(A) A proper agreement form should embody:
(i) An introductory or opening clause.

(2) A complete statement and description of all parties to th^

agreement.

(3) A concise description of the subject-matter, in other words
a description covering the nature and the location of the work to be

performed or furnished for a consideration.

(4) A statement of when (sometimes *mder what conditions) the

contract becomes operative and the limit, if any, for duration of the

contract.

(5) A statement of the documents accompanying the contract.

(6) A clearly defined statement of the payment or consideration.

(7) A proper form of attestation, which should cover the signa-

tures of all the parties to the contract, with necessary seals if required,

and witnesses to the signatures, or, when the contract is to be recorded,

execution and acknowledgment before a notary public.

(B) A General Conditions Statement, covering the mutual under-

standing as to the general stipulations of the contract, should embody
not only matters which of necessity must exist, but also contingencies

that would materially affect the contract, together with provisions cover-

ing the procedure in such events.

In order to determine what matters should be included in the

General Conditions Statement, a large number of contracts in use by

various railroads were analyzed and the works of such authorities as

Johnson, Waddell and Wait were consulted. None of the contracts

analyzed grouped the various matters under general headings in any

definite order or arrangement. Some of the contracts, however, were

provided with marginal headings briefly indicating general references

These marginal headings have been abstracted and are presented in

accompanying statement entitled "Marginal Headings Collected from

Various Sources," in which it will be noticed that there are many
duplications which differ, however, mainly in the wording.
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As a result of the above investigations, the General Conditions have

been grouped under the following headings

:

i. Contractor's Understanding.

2. Scope of Contract.

3. Duration of Contract.

4. Plans and Specifications.

5. Measurement of Quantities.

6. Workmanship and Materials.

7. Conduct of Work or Undertaking.

8. Changes or Alterations.

9. Extra Work.
10. Contractor's Risks and Obligations.

11. Assignment of Contract.

12. Payments.

13. Failure to Comply with Terms of Contract.

14. Company's Protection and Security.

15. Disputes and Arbitration.

16. Litigation.

17. Definition of Terms.

18. Property and Right of Entry.

19. Transportation.

20. Powers of Engineer.

General conditions, requirements or stipulations peculiar to specific

types of construction work are to be excluded from the "General Con-

ditions Statement," and should be stated as a general condition or a

general requirement, preferably the latter, forming a part of a standard

specification for a particular class of work, such as : "Specifications for

the Formation of the Roadway," "Specifications for Stone Masonry,"

"Standard Specifications for Cement," etc. When required a "Special

Conditions" or "Special Requirements" statement should be prepared to

accompany the standard specifications or be embodied in special specifi-

cations.

The "General Conditions" headings may be further expanded by

grouping all matters pertaining to same, after which the data is to be

framed into final "General Conditions" clauses, which will then complete

component (B) to be designated "General Conditions Form."

The Committee has been unable to closely study, and perhaps prop-

erly classify, the different matters included under the various "General

Conditions" headings, and therefore presents the following for discussion

by the Association with a view of being materially assisted in the final

preparation of the' "General Conditions" form.

EXPANSION OF GENERAL CONDITIONS HEADINGS.

(1) Contractor's Understanding.

Understanding of plans, specifications and conditions.

Understanding of nature and location of the work.
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Understanding of all matters likely to in any way influence contract.
Understanding of general form and character of ground.
Understanding of quality and quantity of material required.
Work taken on Contractor's judgment and personal information.
Bidders to verify estimates and information.

(2) Scope of Contract.

Extent of work or undertaking.

(Manner of executing work and how prosecuted.

Contractor to furnish everything and use improved appliances.
Intention. According to true spirit, meaning and intent of plans and

specifications.

Prices to include all expense.

(3) Duration of Contract.

Time of commencement.
Time of completion. (Fixed by contract.)

Progress of work.

Time essential element.

Manner of prosecuting work in order to complete on time.
Work to be completed on time though alterations be made.
Time for completion may be extended. (In writing.)

Suspension of work or reduction of force.

Extension of time to be no waiver of right to terminate contract.

Right to terminate contract upon failure to complete in time.

Time limit not waived.

Not necessary for Company to wait for time of completion before
undertaking to complete for Contractor.

Company's right to suspend or delay without liability for damages.
Extension of time for completion to offset delays by Company.
Extension of time for completion in case of extensive alterations and

additions.

Extension of time for completion in case of stoppage or suspension.

(4) Plans and Specifications.

Work to conform to plans and specifications.

Plans and specifications part of contract. (By reference or attach-

ment.)

Signing of plans and specifications for identification.

Plans and specifications to be registered with contract. (Some
States.)

Contractor not to take advantage of errors, omissions and discrep-

ancies in plans and specifications.

Guaranty of sufficiency of plans and specifications.

True spirit, meaning and intent of plans and specifications.

Conflict between plans and specifications.

Conflict between contract and specifications.

Conflict between Engineer's decision and specifications.

Connection between plans and specifications.
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Meaning of plans and specifications to be determined by Engineer.

(Plans and specifications may prescribe manner of doing work with-

out making Contractor a servant.)

General, detail and Contractor's detail drawings.

Drawings to be verified.

Responsibility for errors.

(5) Measurements of Quantities.

Measurements, calculations and classifications by Engineer final and

conclusive.

Preliminary surveys, measurements and estimates of quantities not

guaranteed to be correct.

Measurements, calculations and classifications to be in accordance

with specifications.

Final quantities to be in accordance with final estimate.

Custom and usage in measurements vs. actual quantities.

(6) Workmanship and Materials.

Workmanship and materials to be first-class and best kind as

specified.

Unless specified, work and material to be best kind customarily used

for first-class work.

Approval of material to be procured before using same.

Provide and protect materials and appliances.

Protect work, etc., from injury.

Make good all defective work. (Before final acceptance.)

Provide facilities for inspection.

Removal of condemned material from premises.

Upon refusal or neglect to replace defective work and material, Com-
pany to do same at Contractor's expense.

Contractor responsib'e for defective work, notwithstanding prio:

inspection.

Contractor not relieved to furnish proper work by inspection and

approval.

Work not specifically mentioned in plans and specifications.

Patented articles and special makes of materials, appliances, etc.

Inspection.

Ownership and delivery of material.

(7) Conduct of Work or Undertaking:

Control of work and workmen.

Order of and progress of work.

Increase of forces in case of delay.

Not to interfere with others doing extra work.

Remove temporary structures and dispose of waste materials.

Manner of doing work.

Contiguous work.

Relation to other contractors.
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Protection of tracks, passage of trains or other operations.

Direction of forces.

Contractor to have head foreman in charge.

Stakes, grades and levels. (Preservation.)

Correspondence.

Final cleaning up.

Temporary roads, fences, structures, trestles, etc., to be furnished

by Contractor.

Character of Contractor's employes; dismissal of objectionable em-

ployes ; liquors.

(8) Changes or Alterations:

Company may make changes, alterations and additions to work.

Alterations of terms of contract.

Alterations affecting surety and liquidated damages.

Alterations an excuse for delay.

Alterations making work more difficult.

Alterations resulting in extra work.

Company's assent to make alterations no agreement to pay for

extras.

Decision of Engineer regarding alterations.

Engineer to determine value of alterations. (May order.)

Changes or alterations not to vitiate contract.

Changes reducing amount of work, no claim for anticipated profits.

Provision for variations in value of amount of work done.

(9) Extra Work:

Contractors must give notice of claim for extra work in case of

additions, etc.

Value of additions and alterations to be determined by Engineer.

Contractor to be advised when to do work outside of contract.

Claims for extra work resulting from ambiguity.

Company's assent to alterations not an agreement to pay for extras.

Engineer may order and determine character and value of altera-

tions.

Engineer's decision regarding extras.

Extra work due to alterations.

Written order required for extra work, work and prices being

specifically stated.

Upon failure of Engineer and Contractor to agree upon terms,

Company may contract with third party for such extra work.

Force and Material Account Work.

Conditions upon which force and material account work is done.

Cost plus percentage.

(10) Contractor's Risks and Obligations:

Work in charge of Contractor until completed and accepted.

Contractor to assume all risks and damages until completed and

accepted.
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Contractor to serve notices, secure permits, licenses, etc.

Not to interfere with Company's agents or employes.

May not exclude Company from work. (Right of entry.)

Take every precaution to avoid injury. (Protect property and lives.)

To employ only skillful, competent men and foremen on work.

Settle all disputed claims before final estimate is paid.

Responsible for delays to trains, damage to trains, tracks, structures,

passengers, employes of Company.
Promptly pay all claims for labor, material, etc., before final pay-

ment.

Furnish proof as to payment of bills.

Responsible for damages to persons and property.

Protection at crossings.

Encountering obstacles and unforeseen obstructions.

Comply with regulations and permits; ordinances and laws.

Damages account failure to complete work on time.

Liability for sub-contractors, and responsible for damage to other

contractors' work.

Liability for damages generally.

Liability for mistakes in laying out work.

Notices served on Contractor.

Ardent spirits not to be sold or given away on work.

To determine lines and levels and assume responsibility for cor-

rections.

Furnish helpers to lay out work.

Make good all damages to work, property and persons.

Liability to third parties account of defective plans.

Liability for liquidated damages.

Contractor to do all that is necessary to accomplish purpose intended.

Contractor's risks and liability under force and material account

work.

Loss and damage to plant and materials in connection with force

and material account work.

(n) Assignment of Contract:

Assignment of contract prohibited by contract (except for material).

Sub-contracts not to be made without written consent.

Sub-contractor's status.

Contractor to give personal attention and not relieved by sub-

contractor.

Assignment of moneys not earned.

Assignment of Hen of mechanic or material man.

Responsibility of Contractor.

(12) Payments:

Amount to be paid to be determined by the Engineer.

Method of making payments.

Approximate monthly estimates or progress payments.
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Retained percentage.

Place of payment designated.

Final estimate.

Final payment upon release.

Company reserves rights to pay claims upon neglect of Contractor

to do so, and deduct same from estimates.

Basis of payments, unit rates, schedule of prices.

Certificate of Engineer.

Payment of bonus.

(13) Failure to Comply with Terms of Contract:

Cancellation and forfeiture of contract.

Penalties for failure (Liquidated damages).

Company completing work for Contractor.

Refusal or failure to prosecute work with sufficient force.

Use of plant and materials by Company to complete for Contractor.

Expense to be charged to Contractor when Company completed.

Bankruptcy of Contractor—Company may terminate contract.

Failure to meet bills promptly.

(14) Company's Protection and Security:

Bond to be furnished by Contractor, to accompany bid.

To secure faithful performance.

To indemnify Company against all damages and claims.

To secure payment of labor and material.

To protect against liens.

Protection against patents.

Type of bond or security acceptable.

Certified check or Government bonds.

Fire insurance.

Release before final payment and acceptance.

In case of bankruptcy, title of material to pass to Company.

(15) Disputes and Arbitration:

(16) Litigation:

(17) Definition of Terms:

(18) Property and Right of Entry:

(19) Transportation:

(20) Powers of Engineer:

Engineer to determine quantity, quality, character and classification

of work.

To determine skill and sufficiency with which work is done.

To determine value of work and materials.

To explain plans and specifications.

To determine meaning and intention expressed in contract.

To determine and be sole judge, deciding all matters.
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Decisions made final without appeal.

Engineer as an arbitrator.

Engineer's authority to order extras and make alterations and

omissions.

To make classifications in accordance with contract and specifications.

To adopt interpretation most favorable to Company.

Determine whether work is or is not included in contract.

To furnish lines and levels. (Contractor to preserve.)

To have supervision and direction of work.

May dismiss objectionable employes.

May be a referee with powers defined under different stipulations.

Duties of Engineers' Assistants.

The Committee has prepared, and presents herewith, a proposed

uniform general contract form, which embodies the requirements estab-

lished for component (A), which is to be designated as the "Agreement

Form."

The form as exhibited below is to be printed on heavy white bond

paper, using black ink. The size of form to be 8% in. x 28 in.

This Agreement Form is to be folded in the center and will

then serve as a cover to receive, as insert sheets, the General Condition

Form, General Requirements, Specifications, and occasionally correspond-

ence, etc. When the specifications are too bulky, they can be either

attached to the back of Agreement Form or the reference in the agree-

ment will suffice. This latter arrangement also applies to plans, except

in the case of the customary general or small detail "agreement plan"

which may be inserted.

The Agreement Form, as will be noted, is provided with blank

spaces for filling in, preferably by typewriter, such information as is

necessary for the work under consideration. The following examp'e.

with blank spaces filled in with data within brackets, illustrates the

manner of using the proposed Agreement Form.

It might be added that occasionally, in minor isolated construction

jobs, the proposed form would in itself, when properly filled in, suffice

for the complete contract.

Your Committee, in presenting this report, does not feel that the

results thus far attained warrant any recommendations on the subject,

and trust that their work may be furthered through discussion by the

members of the Association.



UNIFORM GENERAL CONTRACT FORMS. 1177

Agreement Form.

Articles of Agreement, made this day of

in the year by and between

party of the first part, hereinafter called the

Contractor, and party of the second part, here-

inafter called the Company.

WITNESSETH, That, in consideration of the payments and

covenants hereinafter mentioned to be made and performed by the

Company, the contractor hereby agrees to furnish all materials, labor,

tools, etc., required to complete in the most substantial and work-

manlike manner, to the satisfaction and acceptance of the Engineer

of the Company in accordance with the plans

hereto attached or as hereinafter described and forming part of this

agreement.

The work covered by this contract shall be commenced
and be completed on or before the

day of 19... The work shall be done under the

direction of the Engineer of the Company, and in accordance with

the plans and the following general conditions, requirements and

specifications, forming part of this agreement.

And in consideration of the Contractor completing the work
provided for in this contract in every respect in accordance with

the plans and specifications, and to the satisfaction and acceptance

of the Engineer of the Railroad Company, the said Railroad Company
hereby agrees with the said Contractor, that the said Railroad Com-
pany shall and will, for doing and performing the work aforesaid,

in the manner aforesaid, well and truly pay, or cause to be paid, to

the said Contractor, the executors, administrators, assigns or suc-

cessors of said Contractor, as the case may be, the following prices

named and stated in the proposal signed by the said Contractor, viz.

:

In witness whereof, the parties hereto have duly executed this

instrument in duplicate the day and year first above written.

Witness :

[seal]

[seal]

y [seal]

[seal]

[seal]
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AGREEMENT FORM, SHOWING BLANK SPACES FILLED.

ARTICLES OF AGREEMENT, Made this (fifteenth) day of

(August) in the year (One Thousand Nine Hundred and Seven) by

and between (the Smith Concrete Steel Company, a corporation formed

under the laws of the State of Texas) party of the first part, herein-

after called the Contractor, and (the Great Eastern Air Line Rail-

road, a corporation formed under the laws of the State of Texas),

party of the second part, hereinafter called the Company,

WITNESSETH, That, in consideration of the payments and cove-

nants hereinafter mentioned to be made and performed by the Company,

the Contractor hereby agrees to furnish all materials, labor, tools, etc.,

required to complete in the most substantial and workmanlike manner,

to the satisfaction and acceptance of the Engineer of the Company,

(A reinforced concrete twelve-stall roundhouse at Galveston, Texas,

ready for occupancy, as shown by plans and specifications, dated

June 15, 1907), in accordance with the plans hereto attached, or as

hereinafter described, and forming part of this agreement. (Plans

unattached to this agreement.) (Plans entitled "Great Eastern Air

Line R. R.—Proposed Reinforced Concrete Round House at Galveston,

Texas, June 15, 1907").

(Sheet No. 1, Plan No. 200 Location Plan.

Sheet No. 2, Plan No. 201 Foundation and Pit Details.

Sheet No. 3, Plan No. 202 P'an, Elevations and Sections.

Sheet No. 4, Plan No. 203 Construction Details.)

The work covered by this contract shall be commenced (at once)

and be completed on or before the (thirtieth) day of (November, 1907).

The work shall be done under the direction of the Engineer of

the Company, and in accordance with the plans and the following

general conditions, requirements and specifications, forming part of

this agreement. (Attached Specifications, dated June 15, and entitled

"Specifications for Proposed Concrete Round House at Galveston, Texas).

And in consideration of the Contractor completing the work pro-

vided for in this contract in every respect in accordance with the

plans and specifications, and to the satisfaction and acceptance of the

Engineer of the Company, the said Company hereby agrees with the

said Contractor, that the said Company shall and will, for doing and

performing the work aforesaid, in the manner aforesaid, well and

truly pay, or cause to be paid to the said Contractor, the executors,

administrators, assigns, or successors of said Contractor, as the case

may be, the following prices named and stated in the proposal signed

by the said Contractor, viz.: (For the complete construction and

erection, ready for occupancy, of the aforesaid reinforced concrete

twelve-stall roundhouse, the lump sum of Forty Thousand Dollars
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(,$40,000). (The following unit rates are also to be used, in account-

ing for any additional work that may be ordered by the Engineer

of the Company:)

(Foundation Excavation, Sixty Cents (60c) per cubic yard.

Foundation Concrete, Seven ($7) Dollars per cubic yard.

Neat Work Concrete, Fifteen ($15) Dollars per cubic yard.

Steel Reinforcement, Four (4c) Cents per pound.)

IN WITNESS WHEREOF, the parties hereto have du'y executed

this instrument in duplicate the day and year first above written.

witness: (SMITH CONCRETE STEEL COMPANY.)
(K. L. Markham.) (By)

{John M. Smith)

(SEAL)
(President.)

(Attest)

{John Brown)
(SEAL)

(Secretary.)

(GREAT EASTERN AIR LINE R. R. CO.)

(By)

(/. /. Wilkenson)

(SEAL)
(President.)

(Attest)

{P. C. Sperry)
(SEAL)

(Secretary.)

Respectfully submitted,

W. L. Breckinridge, Engineer Maintenance of Way, Chicago, Burlington

& Quincy Railway, Chicago, 111., Chairman.

E. F. Ackerman, Assistant Engineer, Lehigh Va'ley Railroad, New
York, N. Y., Vice-Chairman.

J. C. Irwin, Office Engineer, New York Central & Hudson River Rail-

road, New York, N. Y.

W. S. Kinnear, Assistant General Manager, Michigan Central Railroad,

Detroit, Mich.

E. H. Lee, Chief Engineer, Chicago & Western Indiana Railway,

Chicago, 111.

W. A. McGonagle, Vice-President, Duluth, Missabe & Northern Rail-

road, Duluth, Minn.

W. F. Tye, Civil Engineer, Montreal, Canada.

Committee.
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GENERAL CONTRACT FORM—MARGINAL HEADINGS.

MARGINAL HEADINGS, APPLICABLE TO GENERAL CONDITION CLAUSES, COLLECTED

FROM VARIOUS SOURCES.

REFERENCES.

(a) Lehigh Valley R. R. (q) B. I. 238, 1-07-200.

(f) New York Central. (W) Waddell-Wait.

(e) Canadian Pacific Ry. (W&H) Waddell & Harrington

(j) Denver & Rio Grande R. R. Standard Form of Contract

(k) McCarthy, Starnes & Co., (J) Johnson Contracts and Sped
Consulting Engineers. fications.

(o) The Southern Indiana Ry.

Contractor understanding conditions (a)

Meaning of Contract Terms understood (j)

Contractor's Information (e)

Understanding of Plans and Specifications. . (f)

Contractor Personally Informed as to Country, (j)

Work Taken on Contractor's Judgment (o)

Scope of Contract (a)

Description of Work (e)

Work to be Done (j)

Contract Subject to Interpretation and Change
by Engineer (J)

Intent (W)
Tools, Machinery, Equipment, etc (k)

Suitable Appliances to be used (J)

Time of Completion (a) (f)

Date of Completion (e) (j)

Time of Completion (J)
Time allowed ( j

)

Commencement (e)

Time of Commencement (J)
Commencement of Work (f)

Time Limit (0)
Period of Work (q)
Time of Essence (W&H)
Progress (J)
Plans and Specifications (a)

Drawings (k)

Detail of Drawings (W)
Contractor's Details (W)
Spirit of Specifications (W)
Drawings to be verified (W)
Responsibility for Errors (W)
Measurements and Calculation of Quantities, (a)

Surveys, Measurements and Estimates of

quantities not guaranteed to be correct. . (J)
Engineer's measurements and classifications

final and conclusive (J)
Powers of Engineer (a)

Workmanship and Materials (a)
Inspection (a) (f) (\Y)
Final Inspection (W)
Inspection and Acceptance (W)
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Conduct of Work (a) (W)
Contiguous Work (f)

Protection of Present Roadway (f

)

Modus Operandi of Construction (W)
Night and Day Work (f)

Order of Work (q)
Relation to other Contractors (J)
Work directed by Engineer (j)

Direction of Forces ( j

)

Work in charge of (Chief Engineer) (k)
Chief Engineer's Authority (j)
Contractor to have Head Foreman (J)
Foreman in Charge (W)
Directions to Contractor (W)
Directions, Explanations and Correspondence, (f)

Cleaning up after Comp'etion (J)
Removal of Rubbish (f)

Final Cleaning Up (k)
Preserving Stakes and Bench Marks (j)
Points, Grades and Levels (f)

Defective Work and Materials (a) (f)
Imperfect Work

_
(e) (o)

Defects to be made good (W)
Faults to be corrected before final Acceptance. (J)
Removal of Condemned Material (J)
Temporary Work (a) (f) (W)
Temporary Structures (o)
Temporary Roads, Trestles, etc (k)
Temporary Fences (k)
Roads and Ways (q)
Maintaining Fences (j)
Contractor to keep Fences, etc., in order.... (o)
Maintenance of Roads and Fences (q)
Contractor's Employes

( a ) ( )

Character of Workmen (j)
Objectionable Employes (q)
Workmen (f

)

Dismiss Emp'oyes (k)
Liquors Prohibited (k)
Intoxicating Liquors (e)
Right-of-Way (a)
No Damage for Delay in Procuring of

Right-of-Way (o)
Way Lands (q)
Unavoidable Delays (q)
Delays

_ (a) (W & H)
Delay in Commencing Work (j)
No Damages for Delay (W)
No Damages Account Delay
No Claims for Damages account Suspension. (J)
Right of Entry (a)
Extension of Time (a) (j) (k) (W)
Extension of Time in case of Stoppage (e)
Suspension of Work (a)
Total Suspension (e)

Stoppage of Work and Reduction of Force. . (e)
Stopping and Resuming Work when Required. . (q)
Extra Work (a) (e) (k) (q) (J)



1182 UNIFORM GENERAL CONTRACT FORMS.

Claims for Extra Work (j)

Written Order for Extras (W & H)
Price of Extras (W & H)
Additional Compensation (q)

Work to be paid for as Extra (k)

Price for Extra Work (e)

Extras (W )

Changes (a)

Changes, how made (f)

Changes may be made ( j

)

Changes of Alinement, Gradient, etc (k)

Change of Plan or of Contract (W)
Right to Change of Plans (o)

Alteration of Work (e)

Alteration of Plans (W)
Alterations and Compensation (W)
Variations (a)

Work done under Force and Material Ac-
count Basis (a)

Compensation for Extra Work (k)

Price for Extra Work
Payment of Wages and Bills incurred by

Contractor (a)

Bills to be paid (W)
Contractor to pay for labor promptly (e)

Payment of Labor (q)

Laborer's Wage (f)

Labor and Material Claims (q)

Material and Supply Claims . (q)

Discharge of Unpaid Labor and Material

Claims (J)

Labor, Material and Supply Claims (q)

Title to Materials (W&H)
Ownership of Materials (W)
Delivery of Materials (W)
Care of Delivered Materials (W)
Material Purchased of the Company by the

Contractor (f

)

Assignments—Subcontracts (a)

Assignment of Contract (J)

Assignment (e)

Assignment Forbidden (

}

v )

Subcontractor's Status ( j

)

Subcontractor defined (q)

Subcontracting (W)
Contractor not released by Subcontracts (J)

Responsibility of Contractor .... (q)

Personal Supervision by Contractor (o)

Transfers
j(J,, p ,

Subletting (YV&H)
General Building Contractor (a)

Railroad Company Comp'eting Work for

Contractor (a)

Completion by Owner (W)
Additional Force ( e )

Liability of Contractor for Failure to Increase

Force y\
Remedies of Railroad Company (q)
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Abandonment (W)
Abandonment of Contract (J)
Failure, Forfeiture (f)

Forfeiture of Contract (a)
Forfeiture (o)
Cancellation of Contract (e) (j)
Cancelling Contract (o)

Cancellation of Contract for Default of Con-
tractor (J)

Default in Time Performance (q)
Contractor's Risks and Obligations (a)
Contractor's Risks (k)
Risks ........ (f) (W)
Contractor's Liability (q)
Contractor Responsible for Damages (o)
Damage Claims (o)
Damages (q) (W)
Damage to Work (e)

Damages Generally (e)

Contractor's Liability for Damage to Prop-
erty (q)

Contractor to Protect Operation of Trains., (j)
Traffic Interference (W)
Interference (f)

Injury to Persons and Property (j)
Protection of Property and Lives (J)
Settlement of Claims for Injuries (q)
Crossings, Damage to Property, etc (k)
Encountering Obstacles (W)
Unforeseen Obstructions (W)
Damages account Failure Contractor to Com-

plete Work on Time (J)
Provision for Public Traffic (J)
Providing Flagman ( j

)

Regulation and Permits (f)

Indemnity (a) (f) (W)
Negligence, Indemnity (W&H)
Mechanics' Liens (a)

Liens (e) (o)

Contractor to Protect against Liens (j)

Liens Discharged ( W)
Patents (a) ( f

)

Protection against Claims for use of Patents. (J)
Fire Insurance (a)
Damage by Fire—Insurance (e)
Bond (a) (j) (k) (W) (W&H)
Surety (W)
Bond and Insurance Policy (f)

Transportation (a) (f) (W)
Rates and Transportation of Tools, etc (j)
Free Transportation (q)
Disputes (a)
Settlement of Disputes (e) (J)
Measurement and Reference of Disputes (f)

In Dispute Chief Engineer to Decide (j)
Arbitration (W)
Arbitration of Disputes (W)
Engineer's Decision (W) (W & H)
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Payments (a) (o) (W)
Railway Company's Covenant to Pay (e)

Compensation (f)

Classification and Basis of Payments (j)

Schedule, Rates of Wages, etc (k)

Date for Partial Payments (j)

Progress Payments (k) (W)
Progress Estimates (k)

Approximate Estimates (e)

Monthly Estimates (q) (f) (W)
Prices (o)

Unit Prices (W)
Schedule of Prices (W & H)
Final Estimate (e) (f ) (k)

Final Payment (q)
Final Estimate and Payment ( j

)

Release
Acceptance and Final Estimate (k)

Conditions of Final Estimate (J)
Reserve (q)

Percentage Retained (W)
Definition of Terms (a) (f)

Parties Described (W&H)
Company Defined (k)

Contractor Defined (k)

Engineer Defined (k)

Persons bound (q)

"Chief Engineer" and "Engineer" defined.... (j)

Definition of "Engineer" and "Contractor". .

Railway Company to appoint representative., (e)

Time Limit not Waived (W)
Waive (j)

Waiver (W&H)
Waivers (q)
Liquidated Damages ( j) (W)
Set-off Cairns against Contractor's (q)

Penalty (illegal) (W)
Litigation (W)
Notification of Impending Suits (W"1



Appendix A.

COMPARISON OF CLAUSES OF CONTRACT FORMS OF VARIOUS
RAILROADS, WITH CLAUSES RECOMMENDED BY THE

COMMITTEE ON BUILDINGS.

The Committee on Buildings, in 1905, submitted a Proposed Uniform
Building Contract, with a tabulation showing the practice of various rail-

roads as used in their individual contracts, compared with the clauses recom-

mended by the Committee on Buildings.

This comparison has been considered of sufficient value to warrant
making it of permanent record in the Proceedings of the Association.

Recommended Clause. CHICAGO GREAT WESTERN RAILWAY.
THIS AGREEMENT, THIS AGREEMENT, made and entered into

second this .... day of .... 190. . . by and between the
made this day of a corporation of the State of

...., hereinafter called the Railway Company,
November, and of State of ,

in the year one hereinafter called the Contractor,
thousand nine hundred and WITNESSETH

:

That, in consideration of one dollar to the

bv and between ° Contractor Paid >
receipt of which is acknowl-

' y edged, and of the covenants and agreements of

Doe & Co
^ e R a 'lway Company hereinafter contained, the

'

partv of the first
Contractor agrees with the Railway Company,

part (hereinafter designated
\

ts
.

successors and assigns, to perform all the
labor and furnish all the materials, supplies,

A. B. & tools and outfit (except as hereinafter other-

the Contractor) and ..'.... wise specifically stated) necessary to fully com-
plete in the most substantial and workmanlike

C. R. R. Co., manner and to the satisfaction and acceptance
party of the of the Chief Engineer of the Railway Company

second part (hereinafter

designated the Company), ^„„„_ _
WITNESSETH, that the CENTRAL RAILROAD OF NEW JERSEY.

Contractor, in considera- AGREEMENT made this .... day of
tion of the payments and 1 , BETWEEN of the of
covenants hereinafter men- jn the County of and State of
tioned to be made and per- , party of the first part, hereinafter called
formed by the Company, the "Contractor," and the , a corporation
agrees with the said Com- f the State of , party of the second part,
pany as follows: hereinafter called the "Company".

WITNESSETH, that the Contractor for and
in consideration of the covenants and agreements
hereinafter mentioned, to be kept, done and
performed by the Company, hereby covenants
and agrees to and with the Company as follows

:

PENNSYLVANIA RAILROAD.
1 ARTICLES OF AGREEMENT, made and

concluded this day of A. D
by and between R. R. Co
of the first part, and of the second part.

WITNESSETH, That for and in considera-

1185
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Recommended Clause.

THIS AGREEMENT,
second

made this day of

November,
in the year one

thousand nine hundred and

five, John
, by and between ....

Doe & Co.,

party of the first

part (hereinafter designated

A., B. &
the Contractor) and

C. R. R. Co.,

party of the
second part (hereinafter
designated the Company),
WITNESSETH, that the

Contractor, in considera-
tion of the payments and
covenants hereinafter men-
tioned to be made and per-
formed by the Company,
agrees with the said Com-
pany as follows

:

tion of the covenants and payments hereinafter
mentioned to be made and performed by the
said party of the second part, the said party of
the first part doth hereby covenant and agree
to furnish all labor and materials, and perform
the work necessary to complete, in the most
substantial and workmanlike manner, to the sat-

isfaction and acceptance of the Chief Engineer
of Maintenance of Way of the said party of

the second part,

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

THIS AGREEMENT, Made this first day of

, by and between the Railway Company,
hereinafter for convenience designated the party

of the first part, and the Contractor, hereinafter

designated as the party of the second
part, WITNESSETH:
That the Contractor, in consideration of the

covenants and agreements herein contained by
the Railway Company to be observed, kept and
performed, does hereby agree with the Railway
Company as follows

:

CANADIAN PACIFIC RAILWAY.
THIS AGREEMENT, made in duplicate the

.... day of 190..

BETWEEN hereinafter

called "the Contractor" of the one part, and
the CANADIAN PACIFIC RAILWAY COM-
PANY, hereinafter called "the Railway Co.," of

the other part, witnesseth as follows:

(1) In consideration of the covenants and
agreements hereinafter contained and to be per-

formed by the Railway Company and of the

prices hereinafter mentioned, the Contractor
hereby covenants and agrees with the Railway
Company

THE CLEVELAND, CINCINNATI. CHI-
CAGO & ST. LOUIS RAILWAY.

ARTICLES OF AGREEMENT, made in

duplicate this day of , A. D.
between as first

party and the Railway Com-
pany as second partv,

WITNESSETH:
That for and in consideration of the cov-

enants and payments hereinafter mentioned to

be made and performed by the second party,

ILLINOIS CENTRAL RAILROAD.

THIS CONTRACT, Made and entered into

this .... day of A. D. 190.

.

by and between
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Recommended Clause.

THIS AGREEMENT,
second

made this day of

November,
in the year one

thousand nine hundred and

five, John
by and between ....

Doe & Co.,

party of the first

part (hereinafter designated

A., B. &
the Contractor) and

C. R. R. Co.,

party of the

second part (hereinafter

designated the Company),
WITNESSETH, that the

Contractor, in considera-

tion of the payments and
covenants hereinafter men-
tioned to be made and per-

formed by the Company,
agrees with the said Com-
pany as follows:

RAILROAD COMPANY, party of the first

part, hereinafter called the Railroad Company,
and party or parties

of the second part, hereinafter called the Con-
tractor (it being expressly understood and agreed
that where there is more than (.ne party of the

second part the term contractor shall be con-

strued as applying to all of them), WIT-
NESSETH:
That in consideration of the payments and

agreements hereinafter mentioned to be made,
performed and fulfilled by the Railroad Com-
pany,

PENNSYLVANIA LINES, West of Pitts-

burgh.

ARTICLES OF AGREEMENT, Made and
concluded this .... day of , I...,

between the , party of the first

part, and , Contractor..,

party of the second part, whereby the said Con-
tractor. . covenants and agrees to furnish all

the materials, which shall be of a good, sound,

and durable quality, and to construct, build, and

completely finish ready for use, in the most
substantial and workmanlike manner

OREGON SHORT LINE RAILROAD.

THIS AGREEMENT, made this .... day of

, A. D., nineteen hundred ,

by and between THE OREGON SHORT LINE
RAILROAD COMPANY, a corporation, as

party of the first part, and ,

as party of the second part,

WITNESSETH: That the said party of the

second part agrees to construct

SEABOARD AIR LINE RAILWAY.

ARTICLES OF AGREEMENT, Made and
concluded this .... day of A. D.

19. ., by and between
of the first part, and the SEABOARD AIR
LINE RAILWAY, a consolidated corporation

of the States of Virginia, North Carolina, South

Carolina and Georgia of the second part, wit-

nesseth

:

That for and in consideration of the cov-

enants and payments hereinafter mentioned, to

be made and performed by the said party of the

second part, the part of the first part

hereby covenant and agree to complete,

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

THIS AGREEMENT, made this day

of A. D. 19.., between the Cincin-
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Recommended Clause.

THIS AGREEMENT,
second

made this day of

November,
in the year one

thousand nine hundred and

five, John
....... by and between ....

Doe & Co.,

party of the first

part (hereinafter designated

A., B. &
the Contractor) and

C. R. R. Co.,

party of the

second part (hereinafter

designated the Company),
WITNESSETH, that the

Contractor, in considera-
tion of the payments and
covenants hereinafter men-
tioned to be made and per-

formed by the Company,
agrees with the said Com-
pany as follows:

nati, New Orleans & Texas Pacific Railway
Company, Lessee of the Cincinnati Southern
Railway, hereinafter known as the Railway
Company, and
hereinafter known as the Contractor.

.

WITNESSETH: That the said Contractor.,
covenant. . and agree. . that will,

CHESAPEAKE & OHIO RAILWAY.

THIS AGREEMENT, made and entered into

this day of , 19.., be-

tween , party of the

first part, hereinafter called the Contractor, and
the CHESAPEAKE AND OHIO RAILWAY
COMPANY, partv of the second part, herein-

after called the COMPANY:
WITNESSETH, That for and in considera-

tion of the payments, covenants and agree-

ments hereinafter mentioned to be paid, kept

and performed by the said Company,

BALTIMORE & OHIO RAILROAD.

ARTICLES OF AGREEMENT, Made and
concluded this .... day of , in

the year of our Lord, nineteen hundred and
between of the first

part, and the of the second

part.

WHEREAS, the part

of the first part hath agreed for and in consid-

eration of the payment hereinafter mentioned
to construct

MINNEAPOLIS & ST. LOUIS RAILROAD.

AGREEMENT made this. ... day of

190. . , by and between
hereinafter called the Contractor, Partv of the

First Part, and THE MINNEAPOLIS AND
ST. LOUIS RAILROAD COMPANY, here-

inafter called the Railroad Company, Party of

the Second Part.

In consideration of the performance of the

covenants, stipulations and agreements herein

contained, said parties agree as follows

:

QUEEN & CRESCENT ROUTE (N. O. &
N. E. R. R.)

THIS AGREEMENT, made this .... day
of , A. D , between the

Company, hereinafter

known as the Railroad Company, and
hereinafter known as the Contractor. .,

WITNESSETH: that the said Contractor.,
covenant. . and agree. . that will,
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Recommended Clause.

1 H I S AGREEMENT,
second

made this day of

November,
in the year one

thousand nine hundred and

five, John
by and between ....

Doe & Co.,

, party of the first

part (hereinafter designated

A., B. &
the Contractor) and

C. R. R. Co.,

party of the
second part Thereinafter

designated the Company),
WITNESSETH, that the

Contractor, in considera-
tion of the payments and
covenants hereinafter men-
tioned to be made and per-
formed by the Company,
agrees with the said Com-
pany as follows:

PHILADELPHIA & READING RAILWAY.
THIS AGREEMENT, made and concluded

this .... day of A. D. 19..,

by and between of the

City and County of and State

of , of the first part, and
the Rail .... Company,
of the second part,

WITNESSETH, that for and in considera-

tion of the covenants and payments hereinafter

mentioned to be made and performed by the

party of the second part, the said part. . of the

first part covenant., and agree.., subject to the

approval, satisfaction and acceptance of the

Chief Engineer of the said party of the second
part,

NORFOLK & WESTERN RAILWAY.

ARTICLES OF AGREEMENT, Made and
concluded this .... day of A. D.
190. ., by and between
of the first part, and the NORFOLK AND
WESTERN RAILWAY COMPANY, of the

second part, witnesseth :

That for and in consideration of the cov-

enants and payments hereinafter mentioned, to

be made and performed by the said party of

the second part, the part. . of the first part

hereby covenant. . and agree. . to complete, in

the most substantial and workmanlike manner,
to the satisfaction and acceptance of the Engi-
neer of the said Company,

BUFFALO, ROCHESTER & PITTSBURGH
RAILWAY.

ARTICLES OF AGREEMENT made and
entered into the .... day of ,

A. D. 190. . between
of the City of , a corporation
organized and existing under the laws of the

State of , of the first part,

and hereinafter called the Contractor, and the

BUFFALO, ROCHESTER & PITTSBURGH
RAILWAY COMPANY, a corporation organ-
ized and existing under the laws of the States

of New York and Pennsylvania, of the second
part, and hereinafter called the Company.
WITNESSETH, to wit: The Contractor...

for and in consideration of the premises, and
of the covenants, agreements and payments
hereinafter mentioned to be made and per-

formed by the Company, hereby covenant. .

and agree. . to and with the Company as fol-

lows, viz.

:
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Recommended Clause.

THIS AGREEMENT,
second

made this day of

November,
in the year one

thousand nine hundred and

five, John
by and between ....

Doe & Co.,

party of the first

part (hereinafter designated

A., B. &
the Contractor) and

C. R. R. Co.,

party of the

second part (hereinafter
designated the Company),
WITNESSETH, that the

Contractor, in considera-
tion of the payments and
covenants hereinafter men-
tioned to be made and per-

formed by the Company,
agrees with the said Com-
pany as follows

:

PERE MARQUETTE- RAILROAD.
AGREEMENT, Made this .... day of

A. D. 19.., between the PERE MARQUETTE
RAILROAD COMPANY, hereinafter called

"the Pere Marquette," and
of hereinafter called "the
contractor."

In consideration of the mutual promises and
undertakings of the parties, it is agreed as fol-

lows:

MICHIGAN CENTRAL RAILROAD.

This contract, made this .... day of

190. ., between the Michigan Central Railroad
Company, party of the first part, and

of
party of the second part.

The party of the second part promises and
agrees to and with the party of the first part

NASHVILLE, CHATTANOOGA & ST.

LOUIS RAILWAY.

This contract and agreement, entered into this

.... day of , 19 . . , by and be-

tween the Nashville, Chattanooga & St. Louis
Railway, a corporation duly chartered and do-
ing business under the laws of the State of

Tennessee, with its principal office at Nash-
ville, Tennessee, party of the first part, and

of
party of the second part, and
parties of the third part, WITNESSETH:
That for and in consideration of the payments

and covenants hereinafter mentioned, the party

of the second part, for himself, his heirs and
assigns,

MAINE CENTRAL RAILROAD.

MEMORANDUM OF AGREEMENT, made
in duplicate this .... day of ,

A. D. 190.., by and between the MAINE CEN-
TRAL RAILROAD COMPANY, a corporation
duly established under the laws of the State of

Maine, party of the first part, hereinafter called

the Railroad, and
party of the second part, hereinafter called the

Contractor.., WITNESSETH:

MISSOURI PACIFIC RAILWAY.

THIS AGREEMENT, Made and entered into

in triplicate, this .... day of ,

A. D., 190. ., by and between
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Recommended Clause.

THIS AGREEMENT,
second

made this day of

November,
in the year one

thousand nine hundred and

five, John
by and between ....

Doe & Co.,

party of the first

part (hereinafter designated

A., B. &
the Contractor) and

C. R. R. Co.,

party of the
second part (hereinafter
designated the Company),
WITNESSETH, that the

Contractor, in considera-
tion of the payments and
covenants hereinafter men-
tioned to be made and per-
formed by the Company,
agrees with the said Com-
pany as follows:

a corporation of the State of
General Offices, St. Louis, Mo., hereinafter, for
brevity, designated as the Railway Company,
party of the first part, and
hereinafter, for brevity, designated as the Con-
tractor.., of party of
the second part

:

WITNESSETH: First: Said Contractor.,
hereby covenant.., promise., and agree., to
and with the said Railway Company that ....
will for the consideration hereinafter agreed to
be paid,

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

THIS AGREEMENT, made and entered
into this .... day of , 190..,
by and between hereinafter
called the Contractor, and the Chicago, Bur-
lington & Quincy Railway Company, herein-
after called the Railway Company:
WITNESSETH

:

That for and in consideration of the payments
' hereinafter mentioned to be made by the Rail-
way Company to the Contractor,

LEHIGH VALLEY RAILROAD.
ARTICLES OF AGREEMENT, Made and

concluded this .... day of in

the year One Thousand Nine Hundred
by and between , herein-
after called the Contractor, party of the first

part, and , hereinafter
called the Railroad Company, party of the sec-

ond part,

_
WITNESSETH, That for and in considera-

tion of the payments and covenants hereinafter
mentioned to be made and performed by the
said Company,

ERIE RAILROAD.
THIS AGREEMENT, made in duplicate, this

.... day of , 190 .. , by and between
hereinafter described

as the "Contractors," party of the first part,

and the "ERIE RAILROAD COMPANY,"
hereinafter described as the "RAILROAD CO.,"
party of the second part

:

WITNESSETH:
That in consideration of the covenants here-

inafter contained, on the part of the Railroad
Co. to be kept and performed,

PITTSBURGH & LAKE ERIE RAILROAD.
THIS AGREEMENT, made and entered

into this .... day of , 19. ., by
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and between THE PITTSBURGH & LAKE
ERIE RAILROAD COMPANY, party of the

first part, and
part. . of the second part.

WITNESSETH : That the said

for and in consideration of the payments to be
made and the covenant to -be kept by the said

Railroad Company,

tractor shall and will pro-

vide all transportation, ma-
terials, and perform all the

work for the completion of

CHICAGO GREAT WESTERN RAILWAY.
All of said work shall be done and com-

pleted according to the directions of the said

Chief Engineer and his assistant, the plans

thereof on file in the offices of the Chief Engi-
rt ccommcnaca Clause. r A i r> -i /~ *i -c *•

neer of the Railway Company, the specifications
ARTICLE I. The Con- hereto attached and the following conditions,

The Brick and Stone Passen namelv

ger Station to be built at CENTRAL RAILROAD OF NEW JERSEY.

To do and perform, at his sole cost and ex-

Chicago 111
pense, all the following described work; to pro-

vide, supply and furnish all suitable and neces-

as described in' the specifi- sary tools, appliances and materials, and to

cations herewith, and as Ornish all suitable and necessary mechanics,

shown on the drawings laborers and other workmen therefor,

prenared by the Company, The following is a particular description of

which drawings are iden- such work :

tified by the signatures of To do such work in strict accordance with the

the parties hereto, or by specifications and plans hereto annexed and

their representatives, and made an essential part of this agreement, and

which become hereby 'a part »"> strict conformity with such lines, levels.

of this contract. stakes, profiles, maps, plans, drawings and in-

The materials used tin- structions, as shall from time to time be given

der this contract shall, as by the Chief Engineer or Division Superin-

far as is possible, be pro- tendent of the Company, for the guidance and

cured at points served by direction of the Contractor,

company lines or their con-
nections and shipped via PENNSYLVANIA RAILROAD.

The entire work to be constructed and fin-

ished in every part in a good, substantial and
workmanlike manner, according to the accom-
panying drawings and specifications ; to the full

extent and meaning of the same, and to the

entire satisfaction, approval and acceptance

of the Chief Engineer of Maintenance of Way
of the said party of the second part, and under
the supervision and direction of such agent or

agents as he may appoint.

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

The Contractor agrees to erect, construct and
complete for the Railway Company , at
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Recommended Clause.

ARTICLE I. The Con-
tractor shall and will pro-

vide all transportation, ma-
terials, and perform all the

work for the completion of

The Brick and Stone Passen-

ger Station to be built at

Chicago, 111.,

as described in the specifi-

cations herewith, and as

shown on the drawings
prepared by the Company,
which drawings are iden-

tified by the signatures of

the parties hereto, or by
their representatives, and
which become hereby a part

of this contract.

The materials used un-
der this contract shall, as

far as is possible, be pro-

cured at points served by
company lines or their con-
nections and shipped via

them.

the locations to be designated by the Railway
Company as follows :

The Contractor agrees to employ all labor
and provide all materials necessary for the
erection, construction and completion of the
above named and
in a good workmanlike and substantial manner
in strict accordance with the plans and specifi-

cations hereto attached and hereby made part
of this agreement.

CANADIAN PACIFIC RAILWAY.
that he will furnish all labor, services and ma-
terial required by this contract, and will con-
struct, complete and finish in the most thorough,
workmanlike and substantial manner in every
respect to the satisfaction and approval of the
Chief Engineer for the time being of the Rail-
way Company, and in the manner herein speci-
fied and limited and according to the Plans
and Specifications hereto annexed, and which,
for the purposes of identification, have been
signed by the Contractor and the Secretary of
the Railway Company and form part of this
contract,

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY.

the first party hereby agrees to construct and
erect on a location indicated at ,

with all its fixtures and belongings, in accord-
ance with the plans and specifications hereto
attached and made part of this agreement, and
conforming to the directions and to the accept-
ance of the Chief Engineer of the Second
Party,

ILLINOIS CENTRAL RAILROAD.
the contractor^ hereby agrees to perform in the
most substantial and workmanlike manner and
to the satisfaction and acceptance of the Chief
Engineer of Construction of the Railroad Com-
pany, hereinafter called the Engineer, all the
work of
hereinafter called the Work, according to the
specifications hereto attached and all plans pre-
pared or approved by the Engineer, and the
directions of the Engineer and the following
agreements and stipulations

:

PENNSYLVANIA LINES, West of Pitts-

burgh.

The said work to be in all respects according
to the annexed specifications, and to be subject

to the inspection and approval of the Engineer
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Recommended Clause.

ARTICLE i. The Con-
tractor shall and will pro-

vide all transportation, ma-
terials, and perform all the

work for the completion of

The Brick and Stone Passen-

ger Station to be built at

Chicago, III.,

as described in the specifi-

cations herewith, and as

shown on the drawings
prepared by the Company,
which drawings are iden-

tified by the signatures of
the parties hereto, or by
their representatives, and
which become hereby a part

of this contract.

The materials used un-
der this contract shall, as
far as is possible, be pro-
cured at points served by
company lines or their con-
nections and shipped via

them.

for the time being in the employ of the said
Company, or of any Assistant Engineer or In-
spector in the employ of said Company, and
placed in charge of said work.

OREGON SHORT LINE RAILROAD.
and all materials and workmanship required
to erect and complete in a thorough, substantial

manner, in accordance with the plans and
specifications for same, which are made a part

of this contract, and the instructions of the
Resident Engineer or the Engineer in charge
of the work, and the following conditions

:

SEABOARD AIR LINE RAILWAY.
in

- the most substantial and workmanlike man-
ner, to the satisfaction and acceptance of the

Chief Engineer of the said Railway,
, of said Railway, said work to be

done and finished agreeably to the directions

and orders of the said Chief Engineer of the

Seaboard Air Line Railway or his Assistants.

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY. .

in a good, skillful, substantial, workmanlike
manner, with all the requisite labor, tools, en-
gines and machinery, and with materials suffi-

cient and proper of their several kinds, exe-

cute, perform and complete on
the Division on the line of the

according to the specifica-

tions, plans, profiles, sections and drawings
exhibited by the Chief Engineer of said Railway
Company at his office in Cincinnati at a letting

duly advertised for 19...., or by said

specifications, plans, profiles, sections, or draw-
ings implied or to be reasonably inferred there-

from, and the same shall constitute a part of

this contract,

CHESAPEAKE & OHIO RAILWAY.
the said Contractor hereby covenants and agrees
that he will furnish all labor and material
necessary to construct and complete in a work-
manlike and substantial manner to the satisfac-

tion and approval of the Engineer of the Com-
pany, in conformity in all respects to the plans
and specifications which are hereto attached and
made a part of this contract,

BALTIMORE & OHIO RAILROAD.
accordance with plans furnished by the

of said Baltimore and Ohio Rail-



UNIFORM GENERAL CONTRACT FORMS. 1195

Recommended Clause.

ARTICLE i. The Con-
tractor shall and will pro-
vide all transportation, ma-
terials, and perform all the

work for the completion of

The Brick and Stone Fassen-

ger Station to be built at

Chicago, 111.,

as described in the specifi-

cations herewith, and as

shown on the drawings
prepared by the Company,
which drawings are iden-

tified by the signatures of
the parties hereto, or by
their representatives, and
which become hereby a part

of this contract.

The materials used un-
der this contract shall, as

far as is possible, be pro-
cured at points served by
company lines or their con-
nections and shipped via

them.

road Company, and agreeable to the specifica-
tions which shall form part
of this agreement.

MINNEAPOLIS & ST. LOUIS RAILROAD.
THE CONTRACTOR HEREBY AGREES:
To furnish the necessary labor, materials and

tools, to properly execute and fully complete,
in conformity with the attached specifications
to the entire satisfaction of the Chief Engineei
of said Railroad Company, and in accordance
with his instructions or those of his author-
ized representative.

QUEEN & CRESCENT ROUTE (N. O. &
N. E. R. R.)

in a good, skillful, substantial and workmanlike
manner, with all the requisite labor, tools, en-
gines and machinery, and with materials suffi-

cient and proper of their several kinds, execute,
perform and complete on the

Division on the line of the
according to the specifications, plans, profiles,

sections and drawings exhibited by the Resident
Engineer of said Railroad Company at his office

in at a letting duly advertised for ...-...,

or by said specifications, plans, profiles, sec-
tions or drawings implied or to be reasonably
inferred therefrom, and the same shall con-
stitute a part of this contract,

PHILADELPHIA & READING RAILWAY.
To construct, complete and erect, and to fur-

nish all tools, labor and materials necessary to
construct, complete and erect, on the
Branch of the party of the second part,

, in accordance with plan filed in

the office of the Chief Engineer of the party
of the second part, and identified by the
signatures of the part. . of the first part and
the Chief Engineer of the party of the second
part, dated , 190. . . .

The party of the second part, in addition
to the covenants and payments hereinafter men-
tioned to be made and performed, will at its

own cost and expense The entire
work is to be completed in accordance with the
plan heretofore mentioned and in accordance
with specifications hereto attached.

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

The Contractor . . agrees that he
will construct, build and in every re-

spect complete all the work, in
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Recommended Clause. strict accordance with the annexed specifica-

ARTICLE I The Con- tions, which are signed by the parties hereto,

tractor shall and will pro- anc* are made a part of this agreement, and are

vide all transportation ma- hereby declared and accepted an essential part

terials, and perform all the of the sarr>e-

work for the completion of
p£RE MARQUETT£ RAILR0AD.

The Brick and Stone Passen- The Contractor agrees
. To construct at

in the particular location designated

ger Station to be built at
by
„ ^^ ,

Pere Marquette
,

hereinafter
called the structure in strict accordance with
the plans, specifications and drawings thereof

Chicago, 111.. identified by the initials of the Chief Engineer
. .

. of the Pere Marquette and by the initials of
as described in the specifi- in behalf of the Contractor
cations herewith, and as

shown on the drawings MICHIGAN CENTRAL RAILROAD.
prepared by the Company,
which drawings are iden- i0 bu'M ar>d complete on the , for

tified by the signatures of tne Michigan Central Railroad Company, in a

the parties hereto, or by good, substantial and workmanlike manner, ac-

their representatives, and cording to the specifications and plans hereto

which become hereby a part attached and made a part hereof,

of this contract.

The materials used un- NASHVILLE, CHATTANOOGA & ST.
der this contract shall, as LOUIS RAILWAY,
far as is possible, be pro- .. . . .

cured at points served by a«"es t]Ydt ••" Wlll
>

>n a skillful, substantial

company lines or their con-
and workmanlike manner build, erect and exe-

mptions and shipped via
cute for the party of the first part and furnish

t jiem at the expense of the said party of the second
part, all requisite labor, tools, materials, ma-
chinery, models, molds and other appliances
necessary for the purpose, the following work,
to wit : in exact accordance with
the plans and specifications prepared therefor by
the Chief Engineer of the said party of the first

part, and under his inspection and supervision,

furnishing him all due facilities for such inspec-

tion and supervision.

MAINE CENTRAL RAILROAD.
WHEREAS, the said Railroad is about to

erect a , all as called for by this con-
tract; and,

WHEREAS, the said Contractors are ready
and willing to undertake the execution and
completion of said work in accordance with the

plans and specifications hereunto affixed and
made part of this instrument, and subject to the

covenants and conditions herein contained for

the contract price herein below set forth

:

MISSOURI PACIFIC RAILWAY.
completely erect, finish and deliver in a true,

perfect and thoroughly workmanlike manner,
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Recommended Clause.

ARTICLE i. The Con-
tractor shall and will pro-
vide all transportation, ma-
terials, and perform all the
work for the completion of

The Brick and Stone Fassen-

ger Station to be built

Chicago, 111.,

as described in the specifi-

cations herewith, and as

shown on the drawings
prepared by the Company,
which drawings are iden-
tified by the signatures of
the parties hereto, or by
their representatives, and
which become hereby a part
of this contract.

The materials used un-
der this contract shall, as

far as is possible, be pro-
cured at points served by
company lines or their con-
nections and shipped via

them.

the required in the erection and com-
pletion of for the Railway Company,
en ground situated in the of
County of and State of , in strict
conformity with the plans, drawings and specifi-
cations for said work, which are hereto attached
and made part of this Agreement

;

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

the Contractor agrees to supply all the mate-
rials, except as hereinafter mentioned, and to
construct and finish in all respects according
to the plans and specifications to be furnished
by the Chief Engineer, of said Railway Com-
pany,

LEHIGH VALLEY RAILROAD.
The Contractor hereby agrees to furnish all

materials, labor, tools, etc., required to complete
in the most substantial and workmanlike man-
ner, in accordance with the true intent of the
plans and specifications and to the satisfaction
and acceptance of the Engineer of the Railroad
Company, the following work, viz.

:

ERIE RAILROAD.
said Contractors hereby covenant and agree to
CONSTRUCT and FINISH, on the terms and
conditions hereinafter mentioned, and in a sub-
stantial and workmanlike manner, including the
furnishing of all tools, materials and other
things requisite and necessary for the completion
of the work to the acceptance and satisfaction
of the Chief Engineer of the Railroad Company,
and in strict conformity with the plans and
specifications hereto annexed, which are hereby
made a part of this agreement, the following
described WORK upon the property of the
Railroad Company, viz.

:

PITTSBURG & LAKE ERIE RAILROAD.
do . . . hereby covenant and agree to furnish all

the transportation; material and labor necessary,
and to finish in every respect, in a thorough
and workmanlike manner, and to the satisfac-

tion and acceptance of the Chief Engineer of
the said Railroad Company, all the work em-
braced in the attached specifications and accord-
ing to the plans and agreeable to such directions
as may be given from time to time by the Chief
Engineer of said Railroad Company, or his duly
authorized assistants.
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Recommended Clause.

ARTICLE II. It is un-
derstood and agreed by and
between the parties hereto
that the work included in

this contract is to be done
under the direction of the

Chief Engineer of said

Company, and that his de-

cision as to the true con-

struction and meaning of

the drawings and specifica-

tions shall be final. It is

also understood and agreed
by and between the parties

hereto that such additional

drawings and explanations

as may be necessary to de-

tail and illustrate the work
to be done are to be fur-

nished by said Engineer,
and the Contractor agrees

to conform to and abide by
the same so far as they

may be consistent with the

purpose and intent of the

original drawings and spe-

cifications referred to in

ARTICLE I.

It is further understood
and agreed by the parties

hereto that any and all

drawings and specifications

prepared for the purposes
of this contract by the said

Engineer are and remain
the property of the Com-
pany.

CHICAGO GREAT WESTERN RAILWAY.

To prevent all disputes and misunderstandings
between the parties hereto in relation to any
stipulations contained in this agreement or their

performance by either of said parties, the said

Chief Engineer is hereby made an umpire to

decide all questions growing out of this con-

tract or its performance, and the decision of

said Chief Engineer on any point or matter
touching this agreement or its performance shall

be final and conclusive between the parties

hereto.

CENTRAL RAILROAD OF NEW JERSEY.

In case of any disagreement or dispute be-

tween the Contractor and Company respecting

the true construction or meaning of any specifi-

cation, map, profile or plan, the same shall be

referred to and decided by the Chief Engineer
or Division Superintendent of the Company, and
his decision shall be final and conclusive; but

should any disagreement or dispute arise re-

lating to the true performance of any covenant

or agreement, or the true value of extra work
or work omitted, because of a written requisi-

tion under the fifth mutual covenant, then and
in either of such cases such disagreement or

dispute shall be referred to three arbitrators,

one to be selected by each of the parties, and
the third to be selected by the two selected by
the parties, and the decision in writing by a

majority shall be final.

PENNSYLVANIA RAILROAD.

Additional detail and working drawings will

be furnished in exemplification of the foregoing,

from time to time, as may be required ; and it

is to be distinctly understood, that all such

additional drawings are to be considered as

virtually embraced within and forming part of

the specifications. Figure dimensions shall in

all cases be taken in preference to scale meas-
urements.
Any disagreement or difference between the

parties to this contract, upon any matter or

tiling arising from the specifications ; or the

drawings to which they refer ; or to the con-

tract for the work ; or the kind or quality of

the work required thereby, shall be decided by

the said Chief Engineer of Maintenance of Way
of the party of the second part, whose decision

and interpretation of the same shall be con-

sidered final, conclusive and binding upon both

parties.
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Recommended Clause.

ARTICLE II. It is un-

derstood and agreed by and
between the parties hereto

that the work included in

this contract is to be done
under the direction of the

Chief Engineer of said

Company, and that his de-

cision as to the true con-
struction and meaning of

the drawings and specifica-

tions shall be final. It is

also understood and agreed
by and between the parties

hereto that such additional

drawings and explanations
as may be necessary to de-

tail and illustrate the work
to be done are to be fur-

nished by said Engineer,
and the Contractor agrees
to conform to and abide by
the same so far as they
may be consistent with the
purpose and intent of the

original drawings and spe-

cifications referred to in

ARTICLE I.

It is further understood
and agreed by the parties

hereto that any and all

drawings and specifications

prepared for the purposes
of this contract by the said

Engineer are and remain
the property of the Com-
pany.

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

It is mutually agreed between said parties,

that, to prevent all disputes and misunderstand-
ings between them in relation to any stipulations

contained in this agreement, or their perform-
ance by either of said parties, the said chief

engineer shall be, and he * is hereby made, an
umpire to decide all matters arising or grow-
ing out of this contract between them, and the

decision of said chief engineer on any point

or matter touching this agreement shall be final

and conclusive between the parties hereto, and
each and every of said parties hereby waives
any and all right of action, suit or suits, or
other remedy in law or otherwise, under this

contract, or arising out of the same.

CANADIAN PACIFIC RAILWAY.

In order to prevent disputes or misunder-
standings between* the parties hereto in relation

to any of the stipulations and provisions con-
tained in this agreement, or the true intent and
meaning thereof, or the manner of perform-
ance thereof, or of any part thereof, by either

of the said parties, and for the speedy settle-

ment of such as may occur, the Chief Engineer
for the time being of the Railway Company
shall be, and he hereby is, made, constituted
and appointed sole umpire to decide such ques-
tions and matters, including the amount and
quantity, character and kind of work performed,
and materials furnished by the Contractor, and
all extra work and material. The decisions of

the Chief Engineer, which may be given from
time to time as the questions come up, shall be
binding and conclusive upon both parties hereto.

ILLINOIS CENTRAL RAILROAD.

The work shall be executed in strict con-
formity to the specifications and plans, and such
explanatory instructions as may from time to

time be given by the Engineer. The amount
of work done under this contract shall be de-

termined by the measurements and calculations

of the assistant engineer in charge of the work,
who shall have full power to condemn and re-

ject any and all work which, in his opinion,

does not conform to the requirements hereof.

Should any dispute arise between the parties

respecting the true construction' or meaning of

the specifications or plans, the same shall be
decided by the Engineer, and his decision shall

be conclusive and binding upon the parties

hereto.
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Recommended Clause.

ARTICLE II. It is un-

derstood and agreed by and
between the parties hereto

that the work included in

this contract is to be done
under the direction of the

Chief Engineer of said

Company, and that his de-

cision as to the true con-

struction and meaning of

the drawings and specifica-

tions shall be final. It is

also understood and agreed

by and between the parties

hereto that such additional

drawings and explanations

as may be necessary to de-

tail and illustrate the work
to be done are to be fur-

nished by said Engineer,

and the Contractor agrees

to conform to and abide by
the same so far as they

may be consistent with the

purpose and intent of the

original drawings and spe-

cifications referred to in

ARTICLE I.

It is further understood
and agreed by the parties

hereto that any and all

drawings and specifications

prepared for the purposes
of this contract by the said

Engineer are and remain
the property of the Com-
pany.

PENNSYLVANIA LINES, West of Pittsburgh.

The plans will be considered as part of the

specifications and illustrative of same. Figures

when marked on plans to be preferred to scaled

dimensions. Additional detail drawings needed
during the progress of the work will be fur-

nished and are to be considered as part of the

specifications. All plans to be returned to the

Engineer upon completion of the work.

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

.... and will abide by, perform, follow and fulfill

all the stipulations, requisitions and directions in

said specifications set forth. Said labor, tools,

engines, machinery and materials to be furnished,

and the said work to be done by the said Con-
tractor. ... to the satisfaction of the Chief Engi-
neer for the time being of said Railway Com-
pany, according to the said specifications, plans,

profiles and sections, and according to such

working plans and explanatory drawings and in-

structions as may from time to time be fur-

nished or approved by said Chief Engineer.

CHESAPEAKE & OHIO RAILWAY.

The said Engineer shall truly and fairly de-

cide all questions which may arise between the

parties hereto relative to said work or the true

intent and meaning of any of the provisions and
stipulations contained in this agreement, or of

any discrepancy between the drawings and
specifications, or the amount, quality, character

and kind of work, and materials performed and
furnished by the Contractor under this contract,

and his decision in the nature of an award shall

be final and binding upon both parties to this

agreement.

BALTIMORE & OHIO RAILROAD.
It is mutually agreed and distinctly under-

stood, that the decision of the shall be
final and conclusive in any dispute which may
arise between the parties to this agreement,
relative to or touching the same, by virtue of

covenants and provisions herein, so that the de-

cision of the said shall, in the nature of

an award, be final and conclusive on the rights

and claims of said part

QUEEN & CRESCENT ROUTE (N. O. &
N. E. R. R.)

.... and will abide by, perform, follow and fulfill

all the stipulations, requisitions and directions in
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Recommended Clause.

ARTICLE II. It is un-
derstood and agreed by and
between the parties hereto
that the work included in

this contract is to be done
under the direction of the

Chief Engineer of said

Company, and that his de-

cision as to the true con-
struction and meaning of

the drawings and specifica-

tions shall be final. It is

also understood and agreed
by and between the parties

hereto that such additional

drawings and explanations
as may be necessary to de-

tail and illustrate the work
to be done are to be fur-

nished by said Engineer,
and the Contractor agrees
to conform to and abide by
the same so far as they
may be consistent with the
purpose and intent of the
original drawings and spe-
cifications referred to in

ARTICLE I.

It is further understood
and agreed by the parties

hereto that any and all

drawings and specifications

prepared for the purposes
of this contract by the said
Engineer are and remain
the property of the Com-
pany.

said specifications set forth. Said labor, tools,
engines, machinery and materials to be furnished,
and the said work to be done by the said Con-
tractors to the satisfaction of the Resident
Engineer for the time being of said Railroad
Company, according to the said specifications,
plans, profiles and sections, and according to
such working plans and explanatory drawings
and instructions as may from time to time be
furnished by said Resident Engineer.

i

PHILADELPHIA & READING RAILWAY.
And it is mutually agreed and distinctly un-

derstood that the decision of the Chief Engineer
shall be final and conclusive in any dispute
which may arise between the parties to this
agreement, relative to or touching the same;
and each and every of said parties to hereby
waive any right of action, suit or suits, or other
remedy in law or otherwise, by virtue of said
covenants, so that the decision of said Engineer
shall, in the nature of an award, be final and
conclusive on the rights and claims of said
parties.

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

All of said work to be done under the direc-

tion and inspection of the Company's Engineers
appointed to superintend the same, and to the

full satisfaction and acceptance of the Com-
pany's Chief Engineer.
The work shall be done in strict conformity

with such lines, levels, stakes, profiles, plans,

maps, drawings, specifications and instructions as

shall from time to time be given by the Com-
pany's Engineers, as herein provided, for the

guidance and direction of the Contractor....

PERE MARQUETTE RAILROAD.

The said plans, drawings and specifications

are intended to co-operate and agree ; all work
and materials called for by the plans or draw-
ings and not mentioned in the specifications, or

vice versa, shall, without extra charge, be per-

formed and furnished by the Contractor in like

manner as if the same were fully described in

each thereof, respectively ; the true spirit, mean-
ing and intent of said plans, drawings and
specifications shall govern the rights and duties

of both parties hereto ; and in the event of any-

thing reasonably necessary or proper to
_
the

performance of the work having been omitted

from the plans, specifications or drawings

through error or oversight, the contractor shall
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Recommended Clause.

ARTICLE II. It is un-
derstood and agreed by and
between the parties hereto

that the work included in

this contract is to be done
under the direction of the

Chief Engineer of said

Company, and that his de-

cision as to the true con-

struction and meaning of

the drawings and specifica-

tions shall be final. It is

also understood and agreed

by and between the parties

hereto that such additional

drawings and explanations

as may be necessary to de-

tail and illustrate the work
to be done are to be fur-

nished by said Engineer,

and the Contractor agrees

to conform to and abide by
the same so far as they

may be consistent with the

purpose and intent of the

original drawings and spe-

cifications referred to in

ARTICLE I.

It is further understood
and agreed by the parties

hereto that any and all

drawings and specifications

prepared for the purposes
of this contract by the said

Engineer are and remain
the property of the Com-
pany.

execute and provide the same without extra

charge as if shown therein.

NASHVILLE, CHATTANOOGA & ST.

LOUIS RAILWAY.
It is further agreed that the drawings and

specifications hereinbefore mentioned shall con-

stitute a part of this contract, and are hereto

attached and made part of the same, and the

said party of the second part must, in compli-

ance with the terms of this contract, do any
work shown by either or both without extra

charge.

MAINE CENTRAL RAILROAD.

And it is hereby understood and agreed by
and between the said parties that the said plans

and drawings and the said specifications and
conditions are intended to co-operate so that

any work exhibited in the said plans or draw-
ings and not mentioned in the specifications

or conditions is to be executed the same as if

mentioned in the said specifications or conditions

and vice versa, to the true meaning and intent

of the said plans, drawings and conditions and
specifications.

MISSOURI PACIFIC RAILWAY.
AND IT IS HEREBY FURTHER AGREED

BY AND BETWEEN THE SAID PARTIES

:

That the specifications and drawings of this

contract are intended to co-operate, so that
any work exhibited in the drawings and
not mentioned in the specifications, or vice

versa, shall be done in the same manner as

if mentioned in the specifications and set forth

in the drawings, to the true intent and mean-
ing of said drawings and specifications or either

of them.

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

And it is hereby further agreed by and be-
tween the parties hereto, that the drawings and
specifications are intended to be explanatory,
the one of the other, but should any discrep-

ancy appear, or any misunderstanding arise,

as to the import of anything in either, the ex-
planation of the Chief Engineer of said Railway
Company shall be final and binding on each of
the parties hereto.

Any corrections of errors or omissions in

the drawings or specifications may be made by
the said Chief Engineer when such corrections
are necessary for the proper fulfillment of the
work or of his intentions.
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Recommended Clause.

ARTICLE II. It is un-

derstood and agreed by and
between the parties hereto

that the work included in

this contract is to be done
under the direction of the

Chief Engineer of said

Company, and that his de-

cision as to the true con-
struction and meaning of

the drawings and specifica-

tions shall be final. It is

also understood and agreed
by and between the parties

hereto that such additional

drawings and explanations

as may be necessary to de-

tail and illustrate the work
to be done are to be fur-

nished by said Engineer,

and the Contractor agrees

to conform to and abide by

the same so far as they

may be consistent with the

purpose and intent of the

original drawings and spe-

cifications referred to in

ARTICLE I.

It is further understood
and agreed by the parties

hereto that any and all

drawings and specifications

prepared for the purposes
of this contract by the said

Engineer are and remain
the property of the Com-
pany.

LEHIGH VALLEY RAILROAD.
All plans and specifications hereto attached

and all plans, schedules or specifications re-
ferred to herein shall be considered as part of
this contract.

All work to be done in accordance with the
general plans. Additional detail and working
drawings, in exemplification of the general plans,
will be furnished during the progress of the
work, or the Engineer will issue special direc-
tions as to such minor details as may be found
necessary during the progress of the work; it

being understood that any such additional draw-
ings or directions of the Engineer, or his duly
authorized agents, shall be of equal force as if

such information or instructions were embodied
in the plans and specifications.

The plans and specifications are intended to
co-operate and all work that may be called for
in the specifications and not shown on the
plans, or shown on the plans and not called
for in the specifications, is to be executed and
furnished as if described or indicated in both
ways.
Should any errors or disagreements exist or

appear to exist in the plans and specifications,

between plans, or between plans and specifica-

tions, the Contractor must notify the Engineer
in charge of the fact and have the same ex-
plained or adjusted before proceeding with the
work.

In all cases where figures are given on
the drawings they must be used in preference
to measurements by scale. Any work not spe-
cifically shown in detail on the plans or men-
tioned in the specifications, which, in the opin-
ion of the Engineer, is necessary and essential
to make the work complete according to the
true intent and spirit of the plans and specifica-

tions, to be furnished or built without extra
charge.

All order lists and schedules of quantities if

shown on the plans or furnished by the Engi-
neer, must be checked by the Contractor before
making use of same, as the Engineer will not
assume any responsibility as to the correctness
of such lists or schedules.

ERIE RAILROAD.
The said work shall be executed under the

supervision and according to the direction of the
Chief Engineer of the Railroad Co. and his
Assistants, whose measurements and estimates
and whose decision or decisions relative to the
classification of materials shall be final and bind-
ing on all parties hereto, and the said Chief
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Engineer and his representatives shall have full

power to reject and condemn any work or

material which, in his or their judgment, is of

inferior quality, or which is not in strict com-
pliance with the plans and specifications attached

hereto and forming part of this agreement.

PITTSBURG & LAKE ERIE RAILROAD.

And it is mutually agreed and distinctly un-

derstood that the decision of the Chief Engi-

neer of said Railroad Company shall be final

and conclusive in any dispute which may arise

between the parties to this contract, relative

to or touching the same, or touching the quality,

quantity or value of any work done under this

contract, and each and every one of said par-

ties do hereby waive any right of action, suit

or suits, or other remedy at law, or otherwise

by virtue of said covenants, so that the decision

of said Chief Engineer ot said Railroad Com-
pany shall in the nature of an award, be final

and conclusive on the rights and claims of said

parties hereto, and all such disputes are hereby

referred to the Chief Engineer of said Railroad

Company.

Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the

work as designated, except
upon the written order of
the Engineer ; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such
alterations will be stated

in said order. Should the

Company and the Contract-

or not agree as to the
amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case
of failure to agree, the de-
termination of said amount
shall be settled by arbitra-

tion by three persons, the
Company to select one, the

Contractor one, and these
two the third.

CHICAGO GREAT WESTERN RAILWAY.
Said Chief Engineer shall have the right

to make any alterations or changes in any of

the work to be done under this contract and
to add to or reduce the same at such place or

places as in his judgment may be required.

But no change, alteration or addition to or

reduction from any of said work shall be made,
except upon the written order of said Chief

Engineer or his Assistant delivered to the Con-
tractor or his foreman. In case any such altera-

tions or changes are made for which no price

is specified herein, the value of the work added
or omitted shall be computed by the Chief Engi-

neer, and the amour*: so ascertained shall be

added to or deducted from the contract price.

In case of dissent from such award by either

party hereto, the valuation of the work added
or omitted shall be referred to three (.0 disin-

terested arbitrators, one to he appointed by each

of the parties to this contract, and the third

by the two thus chosen ; the decision of any
l wo of whom shall be final and binding, and
each of the parties hereto shall pay one-half ^\

the expense of such reference.

CENTRAL RAILROAD OF NEW JERSEY.

The Company may at any time by writ-

ing require to be made alterations. addi-
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Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the
work as designated, except
upon the written order of
the Engineer ; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such
alterations will be stated
in said order. Should the
Company and the Contract-
or not agree as to the
amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case
of failure to agree, the de-
termination of said amount
shall be settled by arbitra-
tion by three persons, the
Company to select one, the
Contractor one, and these
two the tbird.

tions or omissions in th§ work .from that shown
by the specifications, maps, profiles and plans,
first prepared and exhibited, and the increase
or diminution of expense occasioned thereby
shall be added to or deducted, as the case may
be, by a fair and reasonable valuation, diminu-
tion in profits, in case of such decrease in work
being hereby waived by the Contractor.
No alterations or extra work not directed in

writing by the Company shall be paid for.

PENNSYLVANIA RAILROAD.
The said Chief Engineer of Maintenance of

Way shall have the right to make any alteration,
additions or omissions of the work or materials
herein specified, or shown on the drawings, dur-
ing the progress of the structure, that he may
find to be necessary; and the same shall be
acceded to by the said party of the first part
and carried into effect, without in any way
violating or vitiating the contract.

If any additions, alterations or omissions are
made in the structure during the progress of
the work,_ the value of such shall be decided
by the said Chief Engineer of Maintenance of
Way, who shall make an equitable allowance
for the same, and shall add the amount of said
allowance to the contract price of the work, if

the cost has been increased; or shall deduct
the amount if the cost has been lessened, as
he, the said Chief Engineer of Maintenance of
Way, may deem just and equitable. The said
party of the second part will pay for no extra
work or materials unless ordered in writing by
them through their Chief Engineer of Main-
tenance of Way.

CANADIAN PACIFIC RAILWAY.
The right is hereby reserved by the Railway

Company at any time to change and alter in
whole or in part as it may seem expedient the
works embraced in this agreement, and any
change or alteration of the works shall not
affect the prices herein specified, nor shall any
bill for extras or other charge or claim be made,
allowed or paid by reason thereof or of any
difference occasioned by such change or altera-
tion in the quality, location or nature of the
work to be performed, but if the Chief Engi-
neer shall deem the change or alteration
of the works to have materially affected the
cost of_ doing the work he shall fix or determine
the price to be paid either above or below, as
the case may be, the prices hereinbefore pro-
vided to be paid for such work so as to do
substantial justice to both parties.
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Recommended Clause:

ARTICLE III. No alter-

ations shall be made in the

work as designated, except

or allowed by the Con-

upon the written order of

the Engineer; the amount

to be paid by the Company
tractor by virtue of such

alterations will be stated

in said order. Should the

Company and the Contract-

or not agree as to the

amount to be paid or al-

lowed, the work shall go

on under the order re-

quired above, and in case

of failure to agree, the de-

termination of said amount
shall be settled by arbitra-

tion by three persons, the

Company to select one, the

Contractor one, and these

two the third.

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY.

No claim for extra work shall be made by
the contractor unless such work shall be done
in pursuance of an order from the Chief Engi-
neer, and any and all such claims shall, in all

cases, be made in writing before such extra
work was done ; otherwise it will not be enter-

tained or allowed.

ILLINOIS CENTRAL RAILROAD.

The Railroad Company may make any altera-

tions by adding to or omitting or deviating

from the plans, drawings and specifications, or

any of them, which it may deem proper, with-

out impairing the validity of this contract ; but
such alterations, before becoming effective, shall

be specified in writing to the Contractor by the

Engineer.
It is expressly agreed that no compensation

for extra work, and no compensation additional

to the compensation hereinbefore stipulated, shall

be paid to the Contractor, unless such extra

work shall have been ordered in writing, and
such additional compensation shall have been
agreed to in writing by the Engineer.

PENNSYLVANIA LINES, West of Pittsburgh.

It is further agreed that the said Engineer
may direct such extra work as may be in his

opinion necessary for the work herein con-
tracted for, and the said Contractor. . agrees
to perform all such work as so directed

;

' and
the same shall be paid for as extra work, ac-

cording to the estimate of the Engineer. No
claim whatever shall be allowed for extra labor

or material over and above the contract amount,
unless the same shall have been ordered in

writing, stipulating remuneration, by the Engi-
neer. The accounts for' such extra work must
be rendered monthly.
The Engineer reserves the right to make any

changes in the plans and specifications he may
deem desirable. Should any additional labor or
material be involved in such changes the Con-
tractor shall be paid for supplying the same

;

on the other hand, should any such charges
reduce the amount of labor or material in the

work as designed, the Contractor shall sustain

an equivalent reduction in his contract amount.
The Engineer shall be the sole arbiter in deter-

mining the rates of increase or reduction that

mav be therein involved.



UNIFORM GENERAL CONTRACT FORMS. 1207

Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the

work as designated, except
upon the written order of
the Engineer; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such
alterations will be stated

in said order. Should the

Company and the Contract-
or not agree as to the
amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case
of failure to agree, the de-
termination of said amount
shall be settled by arbitra-

tion by three persons, the
Company to select one, the
Contractor one, and these
two the third.

OREGON SHORT LINE RAILROAD.

No extra charge shall be claimed or allowed
on account of changes in the proposed work or
any part thereof, unless such changes shall call

for additional work or material from that cov-

ered by the plans and specifications attached
to this contract ; and in the event of any such
changes having been decided upon the addi-

tional cost and the additional, if any, payment
to be made to the party of the second part by
party of the first part shall be determined and
agreed upon in writing before the carrying out

of the work.

SEABOARD AIR LINE RAILWAY.

nor shall any claim or claims be allowed for

extra work, unless the same shall be done in

pursuance of an order in writing from the

Engineer, and the claims made at the first

settlement after the work was executed, unless

the Engineer at his discretion should direct the

claim or such parts as he may deem just and
equitable to be allowed.

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

And the said Contractor. . further agree. .

that .... will not execute any extra work, nor

make any modifications or alterations in the

work mentioned herein, unless ordered in writ-

ing by the said Chief Engineer or Assistant

Resident Engineer, nor will .... claim pay-

ment for the same unless such written order

be produced; and further, that all claims for

such extra work so ordered shall be made up
in full to the first day of each month, and pre-

sented to the said Chief Engineer on or before

the fifth day of the same month, otherwise the

claims for the same will not be allowed, and
shall be considered waived. And it is further

agreed that the said Chief Engineer shall have

the right, from time to time, to direct or order

in writing, any modifications or alterations to

be made in the said specifications, plans, pro-

files, sections or drawings and in portions of

the materials or work herein mentioned, and in

like manner to direct and order the omission

altogether of any portion or portions of said

work in said specifications, or to substitute any

other work or works for and in place of such

portions, and that such modifications, altera-

tions, omissions and substitutions may be so

directed and ordered to be carried out by the

said Chief Engineer, in respect to any portion

of the work in said specifications, plans, pro-

files, sections or drawings described, but that
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Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the

work as designated, except

upon the written order of

the Engineer ; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such

alterations will be stated

in said order. Should the

Company and the Contract-

or not agree as to the

amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case

of failure to agree, the de-

termination of said amount
shall be settled by arbitra-

tion by three persons, the

Company to select one, the

Contractor one, and these

two the third.

the same or any extra work which shall be

directed to be done' shall not vitiate or deter-

mine this contract but on the contrary, the

same shall remain in full force, subject only

to this proviso: that the value and amounts of

all such omissions as aforesaid shall be deducted
from the amount which would otherwise be

due under this contract, and that the value and
amount of all such other modifications, altera-

tions, substitutions, extra or added work,
shall be either deducted from, allowed for, or

added to the amount which would otherwise be

due under this contract, according to the par-

ticular nature and description thereof. The said

Chief Engineer for the time being to ascertain,

determine and fix such respective value and
amounts, and whether the same respectively

shall be deducted from, allowed for, or added
to the amount to be paid under this said con-

tract.

CHESAPEAKE & OHIO RAILWAY.
The party of the second part shall have the

right to make such changes in the amount,
dimensions, or character of the work to be

done, as in the opinion of the Engineer afore-

said the interests of said work or of the Com-
pany may require, and if such changes or altera-

tions should diminish the quantity of the work-

to be done, such adjustment of any damage
caused thereby shall be made as in the judg-

ment of said Engineer may be fair and equit-

able. Any increase in the amount of work
to be done that may be caused by such changes

shall be paid for as extra work at prices to be

agreed upon between the Engineer aforesaid

and the Contractor prior to the commencement
of same, but if the Contractor and the Engineer
aforesaid are unable to agree upon a price for

said work, then the Company may enter into

contract with another party or parties for its

execution the same as if this contract had never

existed.

QUEEN & CRESCENT ROUTE (N. O. &
N. E. R. R.)

And the said Contractor. .. . further agree. . . .

that .... will not execute any extra work, nor
make any modifications or alterations in the

work mentioned herein, unless ordered in writ-

ing by the said Resident Engineer or Assistant

Resident Engineer, nor will .... claim payment
for same unless such written order be pro-

duced ; and further, that all claims for such

extra work so ordered shall be made up in full

to the first day of each month, and presented to
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Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the

work as designated, except
upon the written order of

the Engineer ; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such
alterations will be stated

in said order. Should the
Company and the Contract-
or not agree as to the

amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case
of failure to agree, the de-

termination of said amount
shall be settled by arbitra-

tion by three persons, the
Company to select one, the
Contractor one, and these
two the third.

the said Resident Engineer on or before the

fifth day of the same month, otherwise the

claims for the same will not be allowed, and
shall be considered waived. And it is further

agreed that the said Resident Engineer shall

have the right, from time to time to direct or

order in writing, any modifications or altera-

tions to be made in said specifications, plans,

profiles, sections or drawings and in portions

of the materials or work herein mentioned, and
in like manner to direct and order the omission
altogether of any other portion or portions of

said work in said specifications, or to substi-

tute any other work or works for and in place

of such portions, and that such modifications,

alterations, omissions and substitutions may be

so directed and ordered to be carried out by
the said Resident Engineer in respect to any
portion of the work in said specifications, plans,

profiles, sections or drawings described, but

that the same or any extra work which shall

be directed to be done shall not vitiate or

determine this contract, but on the contrary,

the same shall remain in full force, subject only

to this proviso : that the value and amounts of

all such omissions as aforesaid shall be de-

ducted from the amount which would otherwise

be due under this contract, and that the value

and amounts of all such other modifications,

alterations, substitutions, extra or added work,
shall be either deducted from, allowed for, or

added to the amount which would otherwise

be due under this contract, according to the

particular nature and description thereof.

The said Resident Engineer for the time be-

ing • to ascertain, determine and fix such re-

spective value and amounts, and whether the

same respectively shall be deducted from,
allowed for, or added to the amount to be paid

under this said contract.

NORFOLK & WESTERN RAILWAY.
nor shall any claim or claims be allowed for

extra work, unless - the same shall be done in

pursuance of an order in writing from the Engi-
neer in charge, and the claims made at the first

settlement after the work was executed, unless

the Engineer at his discretion should direct the

claim or such parts as he may deem just and
equitable to be allowed.

BUFFALO, ROCHESTER &
RAILWAY.

PITTSBURG

That should any work be required to be
done by the Company which is not now con-

templated or provided for in this Contract and



1210 UNIFORM GENERAL CONTRACT FORMS.

Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the

work as designated, except

upon the written order of

the Engineer; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such

alterations will be stated

in said order. Should the

Company and the Contract-

or not agree as to the

amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case

of failure to agree, the de-

termination of said amount
shall be settled by arbitra-

tion by three persons, the

Company to select one, the

Contractor one, and these

two the third.

Specifications the Chief Engineer of the Com-
pany shall fix the price for the same, and the

parties hereto shall abide by such price, pro-

vided the Contractor enters upon and com-
mences such work with the full knowledge and
understanding of the prices so fixed. But if the

Contractor declines to undertake and execute

the said work at the prices so fixed by said

Chief Engineer, then the Company may enter

into contract with any other party or parties

for its execution the same as if this Contract
had never existed.

That the Company shall have the right to

make any alterations that may be hereafter

determined upon as necessary or desirable in the

location, line, grade, plan, form or dimensions
of the work, either before or after the begin-

ning of work by the Contractor. These changes
shall be defined in writing either with or with-

out drawings ; and in case such alterations

increase the quantities of work to be done, the

Contractor shall be paid for such excess at the

contract rates herein specified; but should such
alterations diminish the quantity or extent of

the work to be done, it shall not, under any
circumstances, be construed as constituting,

and shall not constitute, a claim for damages;
nor shall any claim be made by the Contractor
on account of anticipated profits on the work
that may be altered or dispensed with.

That no claim for extra work shall under any
circumstances be allowed or considered unless

the same shall have been done in pursuance of

an order given in writing by the Chief Engineer,

but nothing shall be deemed or construed as

extra work which can be measured and esti-

mated under the terms of this Contract.

PERE MARQUETTE RAILROAD.
The Pere Marquette may, from time to time

before the structure is completed, make such
alteration or alterations in said plans, draw-
ings or specifications, by additions thereto or

omissions or deviations therefrom, as it shall

deem proper ; and the same shall govern the

duty of the contractor. In all cases the Chief
Engineer of the Pere Marquette, or his said

assistant or substitute, shall, in the first in-

stance, determine the amount which ought fairly

to be added to or deducted from the contract

price on account of any such alteration or altera-

tions; and his determination shall control unless

the unfairness thereof shall be established by
the contractor.

MICHIGAN CENTRAL RAILROAD.
That the party of the first part shall be at

liberty to make alterations in plans and speci-
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Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the
work as designated, except
upon the written order of
the Engineer; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such
alterations will be stated
in said order. Should the
Company and the Contract-
or not agree as to the
amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case
of failure to agree, the de-
termination of said amount
shall be settled by arbitra-
tion by three persons, the
Company to select one, the
Contractor one, and these
two the third.

fications without violating this contract, the cost
of such changes to be added to or deducted
from the amount of the contract, as directed by
the Chief Engineer, whose decision in all matters
in connection with this contract shall be final.

NASHVILLE, CHATTANOOGA & ST.
LOUIS RAILWAY.

Should the said party of the first part at
any time prior to the completion of the work
require any additions to or omissions from the
work herein contracted for, or make any change
in the plan or style of this work, such addi-
tions, omissions or changes shall be carried
out by the party of the second part as the said
party of the first part may order. The value
of such changes shall be agreed on by the
parties hereto and endorsed upon this contract,
and in the event they are unable to agree, or
in the event they fail or neglect to agree or to
endorse their agreement upon this contract,
then the question whether there was a change,
and if so, what was the agreement, or in de-
fault of an agreement, what was the value
thereof, shall be decided after a hearing of
the parties, by the said Chief Engineer of the
party of the first part, and such decision shall

be final between the parties.

The amount agreed upon by the parties, or
fixed by the Chief Engineer as aforesaid, shall

be added to or deducted from the contract price
named in the second clause of this agreement.

MAINE CENTRAL RAILROAD.
The Railroad may at any time by written

order during the progress of the work make
any alterations in the said plans and specifica-
tions by way of additions or omissions or other
deviations therefrom; and thereupon the said
Contractors shall execute the said work as
directed in the same manner as if the same had
been included in the said plans and specifica-

tions; and any work or materials which shall be
so ordered not to be done or used shall be
omitted, or shall not be used by the Contract-
ors

; and the difference of expense occasioned
by such alterations or deviations shall be added
or deducted, as the case may be, to or from
the contract price. But no payment or allow-
ance whatever shall be made to the Contractors
for any extra work done or materials used by
him without a previous written order from the
Railroad.

MISSOURI PACIFIC RAILWAY.
The Railway Company may at any time

during the progress of said work require any
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Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the

work as designated, except

upon the written order of

the Engineer ; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such

alterations will be stated

in said order. Should the

Company and the Contract-

or not agree as to the

amount to be paid or al-

lowed, the work shall go
on under the order re-

quired above, and in case

of failure to agree, the de-

termination of said amount
shall be settled by arbitra-

tion by three persons, the

Company to select one, the

Contractor one, and these

two the third.

alteration of, deviations from, additions to, or

omissions in the work to be done under said

contract, specifications or plans, and the same
shall be made by the Contractor only according
to directions given in writing by said Engineer,
and no claims for extra work done or for ma-
terials furnished shall be allowed or paid unless

authorized in writing by said Engineer. No
new work of any description, or work of any
kind whatever done on the premises, shall be

considered as extra, unless a separate estimate

in writing for the same, before the commence-
ment of the said extra work, shall have been
submitted by the Contractor to said Engineer,

and his approval and signature obtained thereto.

Except as modified by changes made as afore-

said, this contract shall continue in full force

and effect. If any such changes shall be made.
the extra compensation to be paid to the Con-
tractor by reason thereof, or the deductions to

be made from the compensation originally

agreed to be paid under this contract, unless

agreed upon in writing by the parties hereto

at the time such changes are directed to be
made, shall be determined by said Engineer, to

whom all questions shall be referred as sole

arbitrator, and whose decision shall be final and
conclusive upon both parties to this contract.

The time within which this contract is to

be performed and the work fully completed, as

hereinbefore provided, is of the essence of

this Agreement, and no extension of time or

alteration of this contract in any particular shall

be permitted, unless the same be in writing,

properly signed by the parties hereto and at-

tached to the duplicate originals of this Agree-
ment.

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

It is also agreed and understood that the

said Chief Engineer has the right to order any
variations from the drawings or specifications,

either in adding thereto or diminishing there-

from, or otherwise, and such variations shall

not vitiate this contract, but the difference in

cost shall be added to or deducted from the

consideration of this contract, as the case may
be, by a fair and reasonable valuation. Or-
ders for changes which do not affect the cost

of the work may be given by word of mouth,
but any order for any change which increases

or diminishes the cost of the work or affects

the time of completion shall not be valid

unless given in writing. It is also agreed and
understood that the said Chief Engineer shall

have the right to alter the dimensions of parts
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Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the
work as designated, except
upon the written order of
the Engineer ; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such
alterations will be stated
in said order. Should the
Company and the Contract-
or not agree as to the
amount to be paid or al-

lowed, the work shall go
on under the order re-
quired above, and in case
of failure to agree, the de-
termination of said amount
shall be settled by arbitra-
tion by three persons, the
Company to select one. the
Contractor one, and these
two the third.

without altering prices to be paid for the work
per unit of measurement; and .that the amount
to be paid for any work, which is to be paid
for at a certain rate per unit of measurement
in the contract prices is to be based on the
actual amount of work in each class, no al-
lowance being made for openings, but will be
paid for on actual cubic contents, and no more.

LEHIGH VALLEY RAILROAD.
This contract, specifications and prices are

intended to cover all the labor, materials and
equipment and all expenses required for the
complete finishing, as herein set forth, of the
specified work, and all other work incident
thereto, and under no circumstances shall any
extra work or price therefor be allowed; pro-
vided, however, if in any contingency the con-
tractor should be required to do any work
which, in the opinion of the Engineer, is not
provided for in the contract, specifications or
prices herein set forth, such work shall be
furnished only upon a written order of the
Engineer, which order shall specially set forth
the work to be furnished, the manner and time in
which said work shall be furnished, and the prices
for said work; and such work shall be furnished
by the Contractor under the same contract require
ments as all other work embraced in this con-
tract, and shall be estimated by the Engineer
and paid for in the manner and form as herein
set forth for work furnished under this con-
tract; if, however, the Engineer and the Con-
tractor cannot agree upon the prices for which
such work shall be furnished, or the time for
completion of such work, the Railroad Company
may enter into a contract with a third party
for such work, the same as though this contract
had never been made.
The Railroad Company reserves the right to

make at any time any alterations, deviations,
additions or omissions to or from the said plans
and specifications, and the same shall in no
way affect or void the contract, but the differ-
ence in the value of the work shall be adjusted
by the Engineer. If such changes or variations
diminish the quantity or extent of the work
to be done, they shall not, under any circum-
stances, be construed as constituting, and shall
not constitute, a claim for damages or for
anticipated profits on such work.

In case of any work being done under a lump-
sum contract price and the quantity of work
actually furnished upon completion of the work
should vary and prove more or less than the
quantities shown on the original plans and pro-
vided for by the specifications, then the contract
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Recommended Clause.

ARTICLE III. No alter-

ations shall be made in the

work as designated, except

upon the written order of

the Engineer ; the amount
to be paid by the Company
or allowed by the Con-
tractor by virtue of such
alterations will be stated

in said order. Should the

Company and the Con-
tractor not agree as to the

amount to be paid or al-

lowed, the work shall gc
on under the order re-

quired above, and in case

of failure to agree, the de-

termination of said amount
shall be settled by arbitra-

tion by three persons, the
Company to select one, the

Contractor one, and these

two the third.

lump-sum price to be adjusted in the final pay-
ment accordingly. If the contract provides a

schedule of unit rates for variations in the

work, then the adjustment to be made on the

basis of such unit rates, either adding or de-
ducting the corresponding amounts according
to whether the quantity of each class of work
was increased or decreased over the amounts
originally covered by the lump-sum bid; if the

contract does not contain such a schedule of

unit rates, then the value of all such additions

or omission to be established by the Engineer
and the adjustment made accordingly.

ERIE RAILROAD.
The specifications and drawings are intended

to co-operate so that any works exhibited in the

drawing and not mentioned in the specifications

or vice versa, are to be executed the same as

if they were mentioned in the specifications and
set forth in the drawings to the true meaning
and intent of the said drawings or specifications

without extra charge.

The Railroad Company shall have the right

to make any alterations in the said work, or

any part thereof, that may be hereafter de-

termined upon as necessary or desirable, without
extra compensation to the said contractors

;
pro-

vided that such alterations shall not increase

the amount of material necessary or the amount
of labor to be performed for the completion
of the work contemplated in the specifications

hereto attached ; and in case such alterations

shall increase the quantities, the contractors shall

be paid for such excess, at prices to be settled

by the said Chief Engineer.
No claim shall be made for extra work by

the said Contractors or paid by the Railroad
Company unless such work shall have been
specially ordered in writing by the said Chief
Engineer.

Recommended Clause.

ARTICLE IV.

(See following page.)

CHICAGO GREAT WESTERN RAILWAY.

The Contractor shall forthwith, after receiv-

ing notice from the Chief Engineer or his As-
sistant to that effect, proceed to remove from
the premises of the Railway Company, all ma-
terial condemned by the Chief Engineer or his

Assistant, and take down all portions of the

work which the said Chief Engineer or his

Assistant shall condemn as unsound or im-
proper or in any way failing to conform with
the terms of this contract. If the Contractor
shall execute any part of said work defectively,

or use defective or inferior material, and if such
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Recommended Clause.

ARTICLE IV. The Con-
tractor shall provide suffi-

cient, safe and proper fa-

cilities at all times for the

inspection of the work by
the Engineer or his au-

thorized representatives.

The Contractor shall,

within twenty-four hours
after receiving written
notice from the Engi-
neer to that effect, proceed

to remove from the grounds
or buildings all materials

condemned by the Engineer
or his authorized agent

whether worked or un-
worked, and to take down
all portions of the work
which the Engineer shall

by written notice condemn
as unsound or improper,

or as in any way failing

to conform to the drawings
and specifications, and shall

make good all work dam-
aged or destroyed thereby
at his own expense.

The Contractor agrees to

keep a competent man on
the work at all times dur-
ing working hours, au-

thorized to receive and
carry out the instructions

of the Engineer.
The different branches of

the work under this con-
tract are intended to be
and are included in one
contract, with the Con-
tractor solely responsible

for all work and men em-
ployed. The Contractor shall

not assign this contract nor
sub-let or transfer the whole
or any part or parts of
the work under it to any
other persons or corpora-
tions (excepting for the de-

livery of materials) with-

out the consent of the En-
gineer, in writing, but will

give personal attention and
superintendence to the work,
and the Contractor will not

be released or discharged

imperfection shall not be of sufficient magnitude
to require, in the opinion of said Chief Engi-
neer, the rebuilding of said imperfect part, the

said Chief Engineer shall have the power, and
he is hereby authorized to make such deduction
therefor from the stipulated price for said work
as he may think proper.

PENNSYLVANIA RAILROAD.
The said Chief Engineer of Maintenance of

Way shall have full power at any time during
the progress of the work to reject any mate-
rials that he may deem unsuitable for the pur-
pose for which they were intended, or which are

not in strict conformity with the spirit of these

specifications. He shall also have the power to

cause any inferior or unsafe work to be taken

down and altered at the cost of the said party

of the first part.

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

The Contractor agrees that it will provide
sufficient safe and proper facilities at all times
for the inspection of the work, or any part of
it, by the said Chief Engineer of the Railway
Company or his authorized assistant, and within
.... hours after receiving written notice from
said Chief Engineer or said representative to

that effect, will proceed, at its own expense and
cost, and without cost or expense to the Rail-

way Company, to remove from the ground or

buildings all material condemned by said Chief

Engineer or his said representative, whether
worked or unworked, and take down all por-

tions of the work which shall by like written

notice be condemned as unsound or improper
or in any way failing to conform to the plans

and specifications, and will replace same with

such proper material as shall be required by
said Chief Engineer or his said representative,

at its sole cost and expense and without cost

or expense to the Railway Company.

CANADIAN PACIFIC RAILWAY.
The Contractor-will in all things conform to

and comply with the instructions of the Engi-
neer^ All work or material which, in the opin-

ion of the Engineer, is imperfect or insufficient

shall be remedied when pointed out to the

Contractor by the Engineer, and will be made
good and sufficient by the Contractor at his

own expense and to the satisfaction of the,

Engineer, who shall have the power, and whose
duty it shall be, to have any defective work
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from any responsibility or

liabilities under this con-

tract owing to such assign-

ees, sub-contractors or

their agents, employes or
servants being allowed to

engage in the work now
under this contract.

or material taken out and rebuilt or replaced

at the expense of the Contractor. Any omis-
sion by the Engineer to disapprove of or reject

any insufficient or imperfect work or material

at the time of any estimate shall not be deemed
an acceptance of such work or material.

CLEVELAND, CINCINNATI, CHICAGO
& ST. LOUIS RAILWAY.

The first party will remove, at his own ex-

pense, any material rejected by the Engineer.

On default, such work shall be done by the

Railway Company, at the expense of the said

first party, and its cost to be deducted from
any moneys that may or will be due.

PENNSYLVANIA LINES, West of Pittsburgh.

The quality of all materials and workman-
ship is to be subject to the approval of the

Engineer. Where material or labor of a spe-

cific quality is not mentioned in the Specifica-

tions, first-class material and workmanship only

to be used. All rejected material shall be im-

mediately removed from the Company's prem-
ises.

OREGON SHORT LINE RAILROAD.
The work shall be performed under the di-

rection, supervision and inspection of the Resi-

dent Engineer of the Oregon Short Line Rail-

road Company, or his representative, who shall

furnish necessary measurements, supervise and
inspect the work, and who shall have power
to condemn and reject any or all work which
in his opinion is not satisfactory or does not

fully conform to the spirit of this agreement,
and all such imperfect or insufficient work or

material, upon written notice from said Engi-
neer, shall be at once remedied or removed
by the said second party at his sole cost and
expense and to the satisfaction of the said Engi-

neer, failing in which the said Engineer shall

have the power, at any time, to remedy or

remove any defective work or material ami
repair or replace the same at the expense of

said second party. The Resident Engineer shall

decide all questions which may arise relative

to said work or its execution, and his decision

shall be final anil binding upon both the parties

to this contract.

CHESAPEAKE & OHIO RAILWAY.

The work to be performed under the super

vision of the Contractor or his personal repre-

sentative, who shall be on the site at all times

during the progress of the work ; and no part
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Recommended Clause.

ARTICLE IV. The Con-
tractor shall provide suffi-

cient, safe and proper fa-

cilities at all times for the

inspection of the work by
the Engineer or his au-

thorized representatives.

The Contractor shall,

within twenty-four hours
after receiving written
notice from the Engi-
neer to that effect, proceed

to remove from the grounds
or buildings all materials

condemned by the Engineer
or his authorized agent

whether worked or un-
worked, and to take down
all portions of the work
which the Engineer shall

by written notice condemn
as unsound or improper,
or as in any way failing

to conform to the drawings
and specifications, and shall

make good all work dam-
aged or destroyed thereby

at his own expense.

The Contractor agrees to

keep . a competent man on
the work at all times dur-

ing working hours, au-
thorized to receive and
carry out the instructions

of the Engineer.

The different branches of

the work under this con-

tract are intended to be

and are included in one
contract, with the Con-
tractor solely responsible

for all work and men em-
ployed. The Contractor shall

not assign this contract nor
sub-let or transfer the whole
or any part or parts of

the work under it to any
other persons or corpora-
tions (excepting for the de-
livery of materials) with-
out the consent of the En-
gineer, in writing, but will

give personal attention and
superintendence to the work,
and the Contractor will not

be released or discharged

of this contract, nor any interest therein, shall

be assigned, sub-let or transferred without the

written consent of the Engineer of the said

Company, and no such written consent shall

release the Contractor from any obligation,

either to the party of the second part or to

the persons employed by the sub-contractors,

and it is expressly understood and agreed that

in all cases the sub-contractors will be con-

sidered merely as foremen employed by the

Contractor and liable to be discharged by the

Engineer of the Company for incompetency, neg-

lect of duty or misconduct.

The performance of the work shall be under
the direction and supervision of the Engineer
of the Company, who shall have full power to

condemn and reject any or all work which in

his opinion is unsatisfactory, or which does not

conform to the spirit of this agreement, and
all such imperfect or insufficient work or mate-

rial shall be immediately remedied by the Con-
tractor, at his sole cost and expense, and to the

satisfaction of the Engineer of the Company,
and the said Engineer shall have the power
at any time to take out any defective work
or material and rebuild or replace the same at

the expense of the Contractor.

NASHVILLE, CHATTANOOGA & ST.

LOUIS RAILWAY.
The work shall be under the supervision and

control of the said Chief Engineer of the party

of the first part, or his representatives, who may
at any time reject materials or work, or cause

the same to be removed or re-executed, when-
ever in his judgment they do not conform to

the contract. The party of the second part, his

heirs or assigns, shall promptly replace or re-

execute materials or work rejected or condemned
under this section, and if he fails to do so, after

written notice, the said Chief Engineer may
proceed in either of the three ways mentioned
in the Fifth Section of this contract.

The said Chief Engineer, or his representa-

tive in charge of the work, may also allow ma-
terials or workmanship to remain in the work
whenever in his judgment the removal of said

work or materials would injuriously affect the

character or progress of the work contracted

for. In case of such inferiority of work or

materials, the said Chief Engineer may deduct

from the contract price on final settlement the

difference between the value of the work so

done or materials furnished, and the value of

the work so contracted to be done or the ma-
terial contracted to be furnished, and his deci-

sion in fixing such value and making such de-
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from any responsibility or

liabilities under this con-

tract owing to such assign-

ees, sub-contractors or

their agents, employes or

servants being allowed to

engage in the work now
under this contract.

duction shall be final and conclusive on the

parties.

The party of the second part shall at all

times keep a good and efficient foreman on the

work, who shall receive instructions from the

said Chief Engineer and carry out the same
as if given to the said party of the second

part in person. The said Chief Engineer shall

have the power to require the foreman or any
mechanic or laborer employed upon the work by
the party of the second part to be removed and
not re-employed, and others substituted in their

places if necessary. For any refusal to comply
with such an order the Chief Engineer may,
after written notice, proceed in either of the

three modes laid down in Section five of this

contract.

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

It is also agreed and understood that all the

materials and workmanship shall be subject to

inspection at any time during the progress of

the work, and the Contractor will take down
any work which may be defective and replace

the same without extra charge to the Railway
Company ; and the whole shall be completed in

the most thorough and workmanlike manner.

LEHIGH VALLEY RAILROAD.

All work to be subject to the inspection and
acceptance of the Engineer, or such representa-

tives as he may appoint, who will conduct such

tests as the Engineer may consider necessary.

The Contractor to provide safe and proper fa-

cilities and assistants at all times for such in-

spection and for making tests of materials.

All materials will be inspected upon delivery

at or in the vicinity of the site of the work,

unless part or full inspection for certain mate-

rials at the mills or shops where manufactured
is distinctly provided for, either in this contract

or the specifications governing the work. Con-
tractors must place all their orders for mate-

rials with due regard to above provisions and
advise the Engineer promptly when and where
all such orders were placed, if such informa-

tion is demanded by the Engineer.

The Engineer, or his duly authorized agents.

to have full power to cause any inferior or

unsafe material to be condemned and taken

down or altered or other material furnished,

all at the expense of the Contractor. The
Contractor shall remove all condemned ma-
terial at his own expense and cost and shall

remove and reconstruct any part of the work
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condemned without extra charge, and within
the time fixed by the Engineer. Any materials
condemned by the Engineer as unfit for use, to
be removed from the site of the work, if so
required by the Engineer. Any materials con-
sidered by the Engineer as inferior to grade
mentioned in the specifications, and condemned
by him as inferior, to be removed from the
site of the work, or use of same in the work
discontinued, if so required by the Engineer,
and the Engineer to have the right to enter on
and stop the work and the further delivery of
materials for the work without violating any
of the terms of this contract.

Recommended Clause.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract
or on any particular part
or parts by giving the Con-
tractor twenty (20) days'

notice, and in the event
of such right being exer-
cised, the Engineer shall

grant to the Contractor an
extension of time equal to

the time of suspension of

the work. It is further un-
derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of
said Engineer; such sus-

pension or settlement of
the work,- however, shall

not entitle the Contractor
to any claim for damages

;

or if the Company shall

postpone or suspend the
work under this contract
indefinitely or altogether,
which it reserves the right

to do. then and in that case
the Engineer shall prepare
a final estimate of the value
of the part of the work
done, such estimate to in-

clude any materials pur-
chased and delivered to the
Contractor or specially de-

signed and ordered for the

CHICAGO GREAT WES'i ERN RAILWAY.
It is mutually agreed between the parties

hereto, that if in the opinion of the Chief Engi-
neer of the Railway Company the Contractor
has, after notice given him, failed or refused
to comply with any stipulation contained in

this contract to be by him performed, or if the
Contractor shall at any time neglect or refuse
to progress with the work as fast as in the
opinion of said Chief Engineer may be necessary
for its completion by the time specified herein,
then the Railway Company, by its General Man-
ager, may declare this contract abandoned, and
the Contractor shall have no claim whatever on
the Railway Company for damages on account
thereof ; and the amount which shall have been
retained at the time out of the monthly esti-

mates which would have become due at the
completion of this contract shall be retained
by the Railway Company as liquidated dam-
ages, or the Railway Company may, at the op-
tion of its General Manager, or Chief Engineer,
employ other parties to execute any part of the
work and charge the cost of the same to the
Contractor, to be deducted out of such retained
percentage and out of any payment that shall

have become due on any estimates, and the
balance, if any, may be recovered from the
Contractor by action.

Whenever, in the opinion of said Chief Engi-
neer, it may be necessary to stop, either tem-
porarily or permanently, any work or diminish
the force employed, the Railway Company, by
its said Chief Engineer, shall have the right to

stop the same, and the Contractor shall have
no claim for damages therefor, but shall im-
mediately stop the work, whether temporarily
or permanently, or diminish the force, as the
said Chief Engineer may direct, and if the
same shall be resumed, the Contractor shall be
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work under this contract

the same as if the work
had been completed, and
this contract shall there-

upon be terminated. All

materials paid for and in-

cluded in such final esti-

mate that are not on the

property of the Company
shall be delivered to the

Company before such esti-

mate is made. The cancel-

ing of this contract shall

not entitle the Contractor

to any claim for damage
or for anticipated profits

on it.

In case the Contractor

should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay
promptly bills or wages
incurred for the work, or

any one or more of joint

Contractors shall become a

bankrupt, or make a gen-

eral assignment for the

benefit of creditors, or if

the property of any such

Contractor or Contractors

shall be levied upon or

taken in execution or under
attachment or by any judi-

cial process whatsoever, or

if by reason of insolvency

or bankruptcy he or they

shall be unable to ful-

fil the covenants herein

contained fully and effect-

ively according to the true

intent and spirit thereof,

the Engineer at his discre-

tion, acting for the Com-
pany, may at any time de-

clare this contract or any

portion or section embraced
in it terminated.

Should the Contractor at

any time refuse or neglect

to supply a sufficiency of

properly skilled workmen,
or of materials of the

proper quality, or fail in

any respect to prosecute the

work with promptness and

entitled to such extension of time for the com-
pletion thereof as said Chief Engineer shall

decide to be just and proper. Such extension

shall not be less in any case than the time dur-
ing which said work shall be wholly suspended.
All orders to suspend work or to diminish the

force employed shall be in writing, otherwise
they shall be disregarded.

CENTRAL RAILROAD OF NEW JERSEY.

If at any time during the progress of the
work the Company shall determine that the
force employed, or the quantity or quality of
the tools, appliances, materials or workmen pro-
vided, are not such as, in its opinion, will insure

the completion of the work within the time
herein stipulated or otherwise in accordance
with the terms of this agreement, the Company
is hereby authorized and directed, in the event
that the Contractor shall not within ten days
after service of the notice of such determina-
tion by the Company (which notice may be

served either personally or by leaving at the

Contractor's last known place of residence),

furnish satisfactory evidence of his intention and
ability to comply with the terms of this agree-

ment, to enter and take possession of said work,
or any part or portion thereof, as well ; also,

the tools, appliances and materials of the Con-
tractor and use the same, if the Company so

desires, and proceed, either by itself or br-

others, to complete said work, and deduct the

cost of such completion from any payment due.

or to become due, to said Contractor ; or said

Company may, in its discretion, for the non-
performance by the Contractor of the terms
of this agreement, elect not to serve the notice

above provided for, and forthwith declare this

agreement forfeited, and upon such declaration

and forfeiture the Company shall not be further

bound thereby, and any money due to said

Contractor for the work aforesaid shall be for-

feited to the Company, which it is hereby
authorized to retain.

PENNSYLVANIA RAILROAD.

if, from any cause, it should be found neces-

sary by said Railroad Company to postpone or
entirely suspend the work herein contracted for,

the said Company reserves its right to stop the

work on this contract by its said Chief Engi-
neer of Maintenance of Way, giving thirty days'

notice of the same, and giving the said party

of the first part a final estimate for all work
done to that date.
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diligence, or fail in the per-

formance of any of the

agreements herein con-

tained, such refusal, neg-

lect or failure being certi-

fied by the Engineer, the

Company shall be at lib-

erty after twenty (20) days'

written notice to the Con-

tractor, to provide any such

labor or materials, and de-

duct the cost thereof from

any money then due or

hereafter to become due to

the Contractor under this

contract.

In case the work under

this contract shall be as-

sumed by the Company, as

provided above, the Engi-

neer shall have the au-

thority and right, at his

discretion, to take posses-

sion for the Company and

make use of the plant and

of any or all construction

materials, both such as en-

ter into the completed work
and such as are required

during construction, deliv-

ered by the Contractor at

the site or in the vicinity

of the work, the fair value

of all such materials as

enter in the work so taken

to be established by the

Engineer, and such value,

less any previous payments

made for such materials,

shall be allowed and paid

to the Contractor in the

final estimate or settlement

of his account as for so

much work done under this

contract.

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

It is mutually agreed and understood by the

parties hereto that should the said Contractor

at any time refuse or neglect to supply a suffi-

cient number of proper workmen, or of mate-

rials of proper quality or quantity, or fail in

any respect to prosecute the work with prompt-

ness and diligence, or make default in the

performance of any agreement on its part herein

contained, and if, after . . . days' written notice

given by the Railway Company to the Con-

tractor, "the Contractor shall not cure such de-

fault or omission, the Railway Company may
procure any such labor or material for the pur-

pose of making good such refusal or failure if

the said Chief Engineer of the Railway Com-
pany shall decide that such refusal, neglect or

omission is sufficient cause therefor, and the

default or omission be not remedied by the

Contractor within . . . days, after written notice

so to do or in case of bankruptcy or insolvency

of the Contractor, the Railway Company may
then absolutely terminate this agreement with-

out either or further notice and may enter upon

said premises and take possession thereof and

of all materials, tools, machinery and appliances

thereon, and may employ any other person or

persons or Company to finish said work and

provide material therefor, or it may itself com-

plete the same, and in case of such determina-

tion as aforesaid, the Contractor shall not be

entitled to receive any further payment under

this agreement until said work shall be wholly

completed, and the loss and damages to the

Railway Company shall be ascertained and shall

be paid by the Contractor to the Railway Com-
pany. The Contractor shall not be entitled to

receive any compensation for any work^ done

or material furnished after the termination of

the agreement aforesaid, and all expenses, cost,

loss or damages paid or incurred by the Rail-

way Company by reason of such refusal, neglect

or failure of the Contractor shall be estimated,

audited and certified by said Chief Engineer

of the Railway Company, whose certificate there-

for shall be conclusive upon the parties hereto.

CANADIAN PACIFIC RAILWAY.

The said work shall be commenced imme-

diately after the execution of this agreement,

and shall be proceeded with continuously and

diligently and under the personal supervision

of the Contractor until completed. The work

diall be carried on and prosecuted in all its

several parts in such manner and at such times
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Recommended Clause.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract

or on any particular part

or parts by giving the Con-
tractor twenty (20) days'

notice, and in the event
of such right being exer-

cised, the Engineer shall

grant to the Contractor an
extension of time equal to

the time of suspension of

the work. It is further un-
derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of

said Engineer; such sus-

pension or settlement of

the work, however, shall

not entitle the Contractor
to any claim for damages

;

or if the Company shall

postpone or suspend the

work under this contract
indefinitely or altogether,

which it reserves the right

to do, then and in that case
the Engineer shall prepare
a final estimate of the value
of the part of the work
done, such estimate to in-

clude any materials pur-
chased and delivered to the
Contractor or specially de-
signed and ordered for the
work under this contract
the same as if the work
had been completed, and
this contract shall there-

upon be terminated. All

materials paid for and in-

cluded in such final esti-

mate that are not on the

property of the Company
shall be delivered to the

Company before such esti-

mate is made. The cancel-

ing of this contract shall

not entitle the Contractor
to any claim for damage
or for anticipated profits

on it.

and at such points or places as the Engineer
shall from time to time direct and to his sat-

isfaction, but always according to the provisions
of this agreement, and if no direction is given
then in a careful, prompt and workmanlike man-
ner according to this agreement.

Whenever, in the opinion of the Engineer, it

is necessary or expedient for the Railway Com-
pany, that the said work or any portion of it

should be stopped, or that the force employed
thereon should be diminished, the Railway Com-
pany may stop such work or diminish such
force, and, upon being requested in writing to

do so by the Railway Company, the Contractor
shall stop the work or reduce the force, as the

case may be, in accordance with such written

request, and the Contractor shall have no claim
for damages by reason thereof. Such writing
shall be signed by the Engineer and delivered

to the Contractor or to some person on the

work representing the Contractor at least thirty

days previous to such required stoppage of work
or reduction of force.

If at any time before the completion of this

contract the Contractor shall not be progressing
with the said work with sufficient diligence to

satisfy the Engineer, or, in the opinion of the
Engineer, with sufficient force to ensure its

progress and completion within the time or

times required by this agreement, the Engineer
may order and direct the Contractor to put on
and employ such additional force and means
as, in the judgment of the Engineer, shall be
sufficient to complete the said work and each
portion thereof within the specified time, and
upon the refusal, failure or omission of the

Contractor to comply with such order and di-

rections within one week from the giving of the

same, the Engineer may declare this contract

abandoned by the Contractor, and. in that case,

the moneys which may then remain unpaid, and
which would otherwise be payable to the Con-
tractor under this agreement, including the
percentage retained on all estimates, may be
kept, retained and appropriated by the Railway
Company, in its own right absolutely, and the

Contractor shall have no claim to the said

moneys or any part thereof, and the Railway
Company may employ such force and means
as, in the judgment of the Engineer or Chief
Engineer, shall be necessary to complete said

work, and the cost and expenses connected
therewith, and all damage suffered by the Rail-

way Company by reason of such failure on the

part of the Contractor shall be charged to and
he paid by the Contractor.

In case of a total suspension of all work
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In case the Contractor
should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay
promptly bills or wages
incurred for the work, or
any one or more of joint

Contractors shall become a

bankrupt, or make a Gen-
eral assignment for the
benefit of creditors, or if

the property of any such
Contractor or Contractors
shall be levied upon or
taken in execution or under
attachment or by any judi-
cial process whatsoever, or
if by reason of insolvency
or bankruptcy he or they
shall be unable to ful-

fil the covenants herein
contained fully and effect-

ively according to the true
intent and spirit thereof,
the Engineer at his discre-

tion, acting for the Com-
pany, may at any time de-
clare this contract or any
portion or section embraced
in it terminated.
Should the Contractor at

any time refuse or neglect
to supply a sufficiency of
properly skilled workmen,
or of materials of the
proper quality, or fail in

any respect to prosecute the
work with promptness and
diligence, or fail in the per-
formance of any of the
agreements herein con-
tained, such refusal, neg-
lect or failure being certi-

fied by the Engineer, the
Company shall be at lib-

erty after twenty (20) days'
written notice to the Con-
tractor, to provide any such
labor or materials, and de-

duct the cost thereof from
any money then due or
hereafter to become due to

the Contractor under this

contract.

In case the work under

under this agreement without any fault, default,

collusion, or procurement of the Contractor for
a longer period than . . . days, unless such
suspension shall have been caused by the winter
season or protracted rigor of weather, it shall

be the duty of the Engineer to make a final

estimate of the work done according to the
terms of this agreement and to make a return
thereof to the Railway Company, when the

amount found by the Engineer to be then due
for work done, together with all percentage
retained up to that time, except as herein other-

wise provided, shall be paid to the Contractor.

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY.

In case the Contractor shall refuse or neg-
lect to comply with the rules and specifications,

or with the instructions that may from time to

time be given by the Chief Engineer or his

assistants in charge of the work, or shall refuse

or neglect to prosecute the work in such man-
ner as to give satisfactory assurance of its full

completion by the time specified in the contract,

or shall perform or suffer to be performed any
part of his work in an unfaithful and unwork-
manlike manner, the Chief Engineer shall in

either case have full power to determine that

this contract is forfeited and abandoned, and
such determination shall absolve the Railway
Company from every obligation imposed upon
it as a party to this contract. Or, in either of
the above cases, said Engineer shall have au-

thority to employ or cause to be employed and
put upon such work such manner of workmen,
hands and overseers of any description as may
in his opinion be necessary to insure the com-
pletion of said work by the time specified, at

such wages as he may find it necessary or
expedient to give, and to pay all such persons
so employed, and such payment shall be con-
sidered by both parties as payment to the Con-
tractor ; and if through any cause this agree-

ment shall become forfeited and void before

completion and by the property of said Railway
Company as liquidated damages for non-fulfill-

ment of this contract.

ILLINOIS CENTRAL RAILROAD.

If at any time before the completion of the

work the Contractor shall make default in the

performance of this contract, or of any of the

stipulations or terms thereof, or if, in the opin-

ion of the Engineer, the work shall not proceed
with sufficient rapidity for the proper perform-
ance of the contract, the Railroad Company may,
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Article V.—Continued.

this contract shall be as-

sumed by the Company, as

provided above, the Engi-
neer shall have the au-

thority and right, at his

discretion, to take posses-

sion for the Company and
make use of the plant and
of any or all construction

materials, both such as en-

ter into the completed work
and such as are required
during construction, deliv-

ered by the Contractor at

the site or in the vicinity

of the work, the fair value
of all such materials as

enter in the work so taken
to be established by the

Engineer, and such value,

less any previous payments
made for such materials,

shall be allowed and paid

to the Contractor in the

final estimate or settlement
of his account as for so

much work done under this

contract.

at its election, cause a written notice to be

served on the Contractor, calling attention

therein to the default, neglect or delay to which
exception is taken, and requiring the Contractor
to employ suitable means, within a certain rea-

sonable time, to be specified in the notice, to

remedy the delinquency complained of; and if,

at the expiration of such time, such means be
not employed, it shall be lawful for the Rail-

road Company, at its election, to declare this

contract forfeited ; and on a declaration of such

forfeiture being given in writing by the Railroad

Company, or its authorized officer or agent, to

the Contractor or to the representative of the

Contractor in charge of the work, this con-

tract shall immediately cease and determine, and
the Railroad Company may retain the above
mentioned reserved percentage, together with

any unpaid estimates or moneys due the Con-
tractor, until the completion of the work, and
may reimburse itself therefrom for any dam-
ages which the Railroad Company may sustain

by reason of the non-performance by the Con-
tractor of this contract: or, as an alternative to

such declaration of forfeiture, the Railroad

Company shall, at its election, have the ri"ht

to cause such portions of the work as the Engi-

neer may designate to be performed by its own
agents or employes ; or, as an additional alter-

native thereto, at its election, the Railroad Com-
pany may require the Contractor to employ such
additional men, carts, teams, machines, etc., as

the Railroad Company may be able to procure,

in either of which cases the Railroad Company
shall have the right to retain from the amount
of the estimate payable to the Contractor as

provided in Article Nine (9) an amount suffi-

cient to defray the cost and expenses of the

measure so taken.

PENNSYLVANIA LINES, West of Pittsburgh.

It is mutually agreed that the work herein

contracted for, shall be prosecuted in such or-

der, and with such progress, as said Engineer
may direct; and if any circumstance, not now
anticipated, should arise, to induce said Com-
pany to suspend for a time further progress

on the work, the said Contractor agrees to

suspend progress within twenty days after re-

ceiving a written notice from said Engineer
to do so; it being understood and agreed that

said Contractor shall resume the work when
the said Company is ready. It is further under
stood and agreed that on such suspension, the

contractor may have the option to close, and
settle up for the work done, according to the

estimate of said Engineer, which estimate shall
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Recommended Clause.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract

or on any particular part

or parts by giving the Con-
tractor twenty (20) days'

notice, and in the event

of such right being exer-

cised, the Engineer shall

grant to the Contractor an
extension of time equal to

the time of suspension of

the work. It is further un-

derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of

said Engineer; such sus-

pension or settlement of

the work, however, shall

not entitle the Contractor
to any claim for damages

:

or if the Company shall

postpone or suspend the

work under this contract

indefinitely or altogether,

which it reserves the right

to do, then and in that case

the Engineer shall prepare

a final estimate of the value
of the part of the work
done, such estimate to in-

clude any materials pur-

chased and delivered to the

Contractor or specially de-

signed and ordered for the

work under this contract

the same as if the work-

had been completed, and
this contract shall there-

upon be terminated. Ail

materials paid for and in-

cluded in such final esti-

mate that are not on the

property of the Company
shall be delivered to the

Company before such esti-

mate is made. The cancel-

ing of this contract shall

not entitle the Contractor

to any claim for damage
or for anticipated profits

on it.

be based on the terms of this contract, consid-

ered on the relative value of the work done as

compared with the whole work herein contracted
for. It is further agreed, on the part of said

Contractor, that, in the event of any suspension
of the work as aforesaid, no claim shall be
made for damages that may arise incidentally

out of such suspension, or for anticipated profits,

and prosecuted with such force as, in the opin-

ion of said Engineer, may be advantageously
employed on the same ; and if at any time the

said Contractor shall refuse or fail to so prose-

cute the work, or shall perform the work in

an improper manner, and refuse to remedy the

same, as may be required by said Engineer,
then, for such failure to prosecute or for failure

to perform the same in a proper manner, the

said Engineer shall certify the same to the said

Contractor, and thereupon the said Engineer
may proceed to put on such force, as he may
deem proper, to prosecute and complete the work
herein contracted for, and charge the expense
to said Contractor, or the same shall be de-

ducted from the amount that would have been
due under this contract, had the same been
completed by said Contractor; Or the said

Engineer may re-let the work to any other

party; charging the expense in the same way
as provided in case of employing workmen to

complete the work under the immediate super-
vision of himself, or such assistants as he may
appoint. It is expressly agreed and understood,
that the certificate of forfeiture by said Engi-
neer, as before provided, shall exonerate the

said Company from any and all obligations and
liabilities arising under this contract, to said

Contractor; and the reserved percentage shall

be applicable to the payment of any deficiency

in completing said work, according to the terms
of this contract. A copy of certificate of aban-
donment shall be transmitted to the Comptroller
1 if the said Company.

OREGON SHORT LINE RAILROAD.
If the party of the second part shall fail to

prosecute the work with proper dispatch,, the

party of the first part shall have full power,
after giving ten (10) days' notice to the party

of the second part, by said Engineer in charge
of the work, or by said Resident Engineer, di-

rect to the party of the second part, to put on
such additional force of men or to purchase and
supply such additional material as the said Engi-
neer may deem necessary to complete the work
within the time specified, and to pay such addi-

tional and all other necessary forces and for

^uch material and charge the same to the said
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Article V.—Continued.

In case the Contractor
should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay
promptly bills or wages
incurred for the work, or

any one or more of joint

Contractors shall become a

bankrupt, or make a gen-

eral assignment for the

benefit of creditors, or if

the property of any such
Contractor or Contractors
shall be levied upon or

taken in execution or under
attachment or by any judi-

cial process whatsoever, or

if by reason of insolvency

or bankruptcy he or they

shall be unable to ful-

fil the covenants herein
contained fully and effect-

ively according to the true

intent and spirit thereof,

the Engineer at his discre-

tion, acting for the Com-
pany, may at any time de-

clare this contract or any
portion or section embraced
in it terminated.

Should the Contractor at

any time refuse or neglect

to supply a sufficiency of

properly skilled workmen,
or of materials of the

proper quality, or fail in

any respect to prosecute the

work with promptness and
diligence, or fail in the per-

formance of any of the
agreements herein con-
tained, such refusal, neg-
lect or failure being certi-

fied by the Engineer, the

Company shall be at lib-

erty after twenty (20) days'

written notice to the Con-
tractor, to provide any such
labor or materials, and de-

duct the cost thereof from
any money then due or

hereafter to become due to

the Contractor under this

contract.

In case the work under

second party as so much paid to said second
party on this contract; or, in case of failure to

prosecute the work with proper dispatch, as

aforesaid, said party of the first part, through
said Engineer in charge of the work, may, after

giving ten (10) days' notice to said second
party, declare this contract forfeited and aban-
doned, which said declaration shall absolve said

first party from all obligations under it or in

any wise growing out of this agreement.
The party of the first part reserves the right

to suspend or terminate the work embraced in

this contract for reasons not herein specified, and
said party of the second part agrees to discon-
tinue all work within two (2) days after re-

ceiving notice of such suspension or termination,
in which case said second party shall be entitled

to pay in full for all materials actually handled
or supplied and for all work done, but shall

make no claim for consequential damages or
anticipated profits or damages of any kind result-

ing from such suspension or termination.

SEABOARD AIR LINE RAILWAY.

and prosecuted with such force as the Engineer
shall deem adequate to its completion within the
time specified, and if at any time the said part.

.

of the first part shall refuse or neglect to

prosecute the work with force sufficient, in the
opinion of said Engineer, for its completion
within the time specified in this agreement, then,
and in that case, the said Engineer in charge, or
such other agent as the Engineer shall des-
ignate, may proceed to employ such a number
of workmen, laborers and overseers as may. in

the opinion of the said Engineer, be necessary
to insure the completion of the work within the
time hereinbefore limited, at such wages as he
may find it necessary or expedient to give, pay
all persons so employed and charge over the
amount so paid to the part... of the first part,

as for so much money paid to ... on this con-
tract, or for the failure to prosecute the work
with an adequate force, for non-compliance with
his directions in regard to the manner of con-
structing it, or for failure to complete the work
within the time, according to the terms of this

Agreement, or for any other delay in the per-
formance of, or any omission, or neglect of the
requirements of this Agreement and specifications

on the part of the part... of the first part, the
said Engineer, may. at his discretion, declare
this Contract or any portion or section embraced
in it forfeited, which declaration shall exonerate
the said Company from any and all obligations
and liabilities arising under this contract, the
same as if this agreement had never been made,
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Article V.—Continued,

this contract shall be as-

sumed by the Company, as
provided above, the Engi-
neer shall have the au-
thority and right, at his

discretion, to take posses-
sion for the Company and
make use of the plant and
of any or all construction
materials, both such as en-

ter into the completed work
and such as are required
during construction, deliv-

ered by the Contractor at

the site or in the vicinity

of the work, the fair value
of all such materials as

enter in the work so taken
to be established by the
Engineer, and such value,

less any previous payments
made for such materials,

shall be allowed and paid
to the Contractor in the
final estimate or settlement
of his account as for so
much work done under this

contract.

and the part... of the first part shall not be
entitled to the payment of the reserved per-
centage of .... per cent, upon any work done
by the part., of the first part, and the reserved
percentage upon any work done by the part. .

of the first part may be retained forever by the
party of the second part.

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

And it is further agreed ; That in case the
Contractor. . shall become insolvent or be de-
clared bankrupt, or shall from any cause what-
soever, other than any arising from the acts
of the said Railway Company, its authorized
Engineers or agents, be prevented from, or be
delayed in proceeding with, and completing the
works according to this contract, or shall not
commence or proceed with the work to the sat-

isfaction of the said Chief Engineer, it shall be
lawful for the said Railway Company to give,

or cause to be given, notice or notices, in writ-
ing, to be left at the place of business of the
said Contractor. ., or given to said Contractor. .,

or .... principal representative on the work,
signed by the General Manager of said Railway
Company, or by said Chief Engineer, requiring
said Contractor. . to enter upon, commence and
regularly proceed with the work ; and in case
the said Contractor. . shall for seven days after

such notice make default in commencing or
regularly proceeding with the work to the sat-

isfaction of the said Chief Engineer, it shall be
lawful for the said Railway Company to employ
any other person or persons by contract, day
work or otherwise, to proceed with said work
and complete the same ; and on the expiration
of said notice, the said contract shall, at the
option of said Railway Company, become void
as to the said Contractor. ., but without preju-
dice to any right of action in said Railway Com-
pany which the said Contractor. . may be sub-
ject to for neglect in not proceeding with said
work pursuant to this contract; and the amount
already paid to said Contractor. . by the said
Railway Company shall be considered to be the
full value of the work executed up to the time
of the expiration of said notice, and no further
claim whatsoever shall be made by the said
Contractor. . for contract work or additional
work that might have been done up to that time,
and the materials, whether prepared or unpre-
pared, which may be in or about the premises
of the said Railway Company shall become .the

property of the said Railway Company without
further payment for the same. Provided and
it is hereby agreed that if the said Contractor. .
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Recommended ( lau.sc.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract

or on any particular part

or parts by giving the Con-
tractor twenty (20) days'

notice, and in the event
of such right being exer-

cised, the Engineer shall

grant to the Contractor an
extension of time equal to

the time of suspension of

the work. It is further un-

derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of

said Engineer; such sus-

pension or settlement of

the work, however, shall

not entitle the Contractor
to any claim for damages

;

or if the Company shall

postpone or suspend the

work under this contract
indefinitely or altogether,

which it reserves the right

to do, then and in that case
the Engineer shall prepare
a final estimate of the value
of the part of the work
done, such estimate to in-

clude any materials pur-
chased and delivered to the

Contractor or specially de-

signed and ordered for the
work under this contract
the same as if the work
had been completed, and
this contract shall there-
upon be terminated. All

materials paid for and in-

cluded in such final esti-

mate that are not on the
property of the Company
shall be delivered to the
Company before such esti-

mate is made. The cancel-

ing of this contract shall

not entitle the Contractor
to any claim for damage
or for anticipated profits

on it.

shall be prevented from, or materially impeded
or delayed in proceeding with or completing the

work under this contract, by reason or in con-
sequence of any acts which may, contrary to

the true intent and meaning of this agreement,
be done or omitted to be done by the Railway
Company or any authorized engineer or agent
in its behalf, such prevention, impediment or
delay shall not vacate this agreement or other-
wise affect the same, except that in every such
case the said Chief Engineer for the time being
shall determine whether any. and, if any, what
extension of time ought to be allowed for the

execution and completion of all or any of the

work hereby contracted for and whether any,

and. if any, what compensation or allowance
ought to be paid or allowed to said Contractor. .

in respect of such prevention, impediment, or
delay, and in what manner such compensation
or allowance ought to be paid or allowed, and
the determination of said Chief Engineer for the

time being shall be binding and conclusive on
all the parties.

CHESAPEAKE & OHIO RAILWAY.
If the Contractor shall fail to prosecute the

work with a force sufficient, in the opinion of
the Engineer aforesaid, to insure its completion
within the time specified in this agreement, or
if the character of the work is not in accordance
with the specifications hereto attached, the said

Engineer may serve written notice on the Con-
tractor to at once supply such increase of force,

appliances or tools, or to cause such improve-
ments in the character of the work or materials

as may be required to make the same conform
to the stipulations of this agreement and specifi-

cations, and if on the expiration of ten (10)
days after the service of such written notice

upon the Contractor personally, or by leaving
the same at his office or last known place of
business, he shall have failed to comply with
such notice, the said Engineer shall have full

power to direct the employment of such addi-
tional force of men and teams as he may deem
requisite and necessary to complete the work in

the time specified and pay all persons so em-
ployed and expense incurred, and deduct the

amounts so paid from any payments then due
or thereafter falling due to the Contractor. Or.
in the case of the failure of the Contractor to

prosecute the work as aforesaid, the said Engi-
neer may, at the expiration of ten days after

such notice has been served, declare said con-
tract forfeited and abandoned, which declaration
shall absolve said Company from all obligations
under or in any wise growing out of this agree-



UNIFORM GENERAL CONTRACT FORMS. 1229

Art icle V.—Continued.

In case the Contractor
should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay
promptly bills or wages
incurred for the work, or

any one or more of joint

Contractors shall become a

bankrupt, or make a gen-

eral assignment for the

benefit of creditors, or if

the property of any such

Contractor or Contractors
shall be levied upon or

taken in execution or under
attachment or by any judi-

cial process whatsoever, or
if by reason of insolvency
or bankruptcy he or they

shall be unable to ful-

fil the covenants herein
contained fully and effect-

ively according to the true

intent and spirit thereof,

the Engineer at his discre-

tion, acting for the Com-
pany, may af any time de-

clare this contract or any
portion or section embraced
in it terminated.

Should the Contractor at

any time refuse or neglect

to supply a sufficiency of

properly skilled workmen,
or of materials of the

proper quality, or fail in

any respect to prosecute the

work with promptness and
diligence, or fail in the per-

formance of any of the

agreements herein con-
tained, such refusal, neg-

lect or failure being certi-

fied by the Engineer, the

Company shall be at lib-

erty after twenty (20) days'

written notice to the Con-
tractor, to provide any such

labor or materials, and de-

duct the cost thereof from
any money then due or

hereafter to become due to

the Contractor under this

contract.

In case the work under

ment, and in case the Contractor shall fail to

complete the work within the time specified, but

shall nevertheless be permitted to complete the

same, such permission shall not release the Con-
tractor from any liability for damage or expense
arising from the non-completion of the work
in the time specified, but such liability shall

continue in full force against the same as if

such permission had never been granted.

Whenever in the opinion of the Company it

shall be expedient to stop the work or any
portion of it, or that the force employed thereon

should be diminished, the said Company shall

have the right and power to stop said work or

diminish said force, and the said Contractor

shall have no claim for damage by reason there-

of. The order to stop said work or diminish

said force shall be made in writing, signed by
the said Engineer, and delivered to the said

Contractor, or, in his absence, to some person

on the work representing him, at least thirty

days prior to date when such order shall take

effect. In case of total suspension of work
under this contract, arising from no fault, fail-

ure or collusion of the said Contractor, for a

longer period than ninety days, unless such sus-

pension shall have been caused by the winter sea-

son or protracted rigor of weather, it shall be

the duty of the said Engineer to make a final

estimate of the work done under this contract,

and the amount then found to be due, together

with all retained percentage except as herein

otherwise provided, shall be paid to the said

Contractor, and all material actually purchased

by said Contractor shall be taken off his hands

at the purchase price, and in the event any

loss or damage be caused by such stopping of

the work or diminishing of force, such adjust-

ment thereof shall be made as in the judgment
of said Engineer may be fair and equitable.

BALTIMORE & OHIO RAILROAD.
AND, It is further agreed and understood, that

in case the said part... of the first part shall

not, in the judgment of the well and

truly comply with and perform all the terms and

provisions herein stated and stipulated on
part, in manner and form, and within the time

hereinbefore mentioned, or in case it should ap-

pear to the said .... that the work does not

progress with sufficient speed; or in case of in-

terference with said work by legal proceedings

instituted against the said part... of the first

part by other parties than the said parties of

the second part, the said . . . shall have the

power to annul this agreement, if jt_ sees fit

to do so, by serving a notice in writing upon
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Article V.—Continued.

this contract shall .be as-

sumed by the Company, as

provided above, the Engi-
neer shall have the au-

thority and right, at his

discretion, to take posses-

sion for the Company and
make use of the plant and
of any or all construction

materials, both such as en-

ter into the completed work
and such as are required

during construction, deliv-

ered by the Contractor at

the site or in the vicinity

of the work, the fair value

of all such materials as

enter in the work so taken
to be established by the

Engineer, and such value,

less any previous payments
made for such materials,

shall be allowed and paid

to the Contractor in the

final estimate or settlement

of his account as for so
much work done under this

contract.

the said part ... of the first part, or by post-

ing such notice upon the door., of .... usual

dwelling or shop, if they are absent therefrom
when, upon serving such said notice, this agree-

ment and every claim and part thereof shall

become null and void, and the unpaid part of

the value of the work done shall be forfeited

by the said part ... of the first part, to the

use of said parties of the second part, in the

nature of liquidated damages, and all rights

whatever of the said part ... of the first part

in and to any further prosecution of or interest

in the work shall forthwith cease at the notice

aforesaid; and the said parties of the second

part may contract anew for the work or may
employ any other person or persons to do and
complete the work herein mentioned and shown
on the plans furnished by the parties of the

second part, or so much of it as may remain
unfinished, as though this contract had never

been made.

MINNEAPOLIS & ST. LOUIS RAILROAD.

and prosecuted diligently with as large a force

as practicable ; and to increase such force when-
ever required to do so by said Chief Engineer.

This contract may be terminated by either

party upon ten (10) days' written notice to the

other party ; but shall not be terminated by the

Contractor at such time that any work herein

contracted for shall be left unfinished.

QUEEN AND CRESCENT ROUTE (N. O.

& N. E. R. R.)

And it is further agreed ; That in case the

said Contractor. . shall become insolvent or be

declared bankrupt, or shall from any cause what-

soever, other than any arising from the acts

of the Railroad Company, its authorized Engi-

neers or Agents, be prevented from, or be de-

layed in proceeding with and completing the

works according to this contract, or shall not

commence or proceed with the work to the

satisfaction of the said Resident Engineer, it

shall be lawful for the said Railroad Company
to give, or cause to be given, notice or notices

in writing, to be left at the place of business

of the said Contractor. ., or given to said Con-
tractor. ., signed by the General Manager of

said Railroad Company, or by said Resident

Engineer, requiring said Contractor. . to. enter

upon, commence, and regularly proceed with the

work; and in case the said Contractor., shall,

for seven days after such notice, make default

in commencing or regularly proceeding with the

work, it shall be lawful for the Railroad Com-
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Recommended Clause.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract

or on any particular part

or parts by giving the Con-
tractor twenty (20) days'

notice, and in the event
of such right being exer-
cised, the Engineer shall

grant to the Contractor an
extension of time equal to

the time of suspension of
the work. It is further un-
derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of
said Engineer; such sus-

pension or settlement of

the work, however, shall

not entitle the Contractor
to any claim for damages

;

or if the Company shall

postpone or suspend the
work under this contract
indefinitely or altogether,
which it reserves the right

to do, then and in that case
the Engineer shall prepare
a final estimate of the value
of the part of the work
done, such estimate to in-

clude any materials pur-
chased and delivered to the
Contractor or specially de-
signed and ordered for the
work under this contract
the same as if the work
had been completed, and
this contract shall there-

upon be terminated. All

materials paid for and in-

cluded in such final esti-

mate that are not on the
property of the Company
shall be delivered to the
Company before such esti-

mate is made. The cancel-
ing of this contract shall

not entitle the Contractor
to any cla ;m for damage
or for anticipated profits

on it.

pany to employ any other person or persons, by
contract, day work or otherwise, to proceed with
said work and complete the same ; and on the
expiration of said notice, the said contract shall,

at the option of said Railroad Company, become
void as to the said Contractor. ., but without
prejudice to any right of action in said Railroad
Company which the said Contractor. . may be
subject to for neglect in not proceeding with
said work pursuant to this contract; and the
amount already paid to the said Contractor. .

by the said Railroad Company shall be consid-
ered to be the full value of the work executed
up to the time of the expiration of said notice,

and no further claim whatsoever shall be made
by the said Contractor. . for said contract work
or additional work that might have been done up
to that time, and the materials, whether pre-
pared or unprepared, and all tools, engines, ma-
chinery, shanties, and other plant which may be
in or about the premises, shall become the prop-
erty of said Railroad Company without further
payment for the same.

Provided, and it is hereby agreed, that if said

Contractor.... shall be prevented from or mate-
rially impeded or delayed in proceeding with or
completing the work under this contract, by
reason or in consequence of any acts which may,
contrary to the true intent and meaning of this

agreement, be done or omitted to be done by
the Railroad Company, or any authorized Engi-
neer or Agent in its behalf, such prevention,
impediment or delay shall not vacate this agree-
ment, or otherwise affect the same, except that

in every such case the said Resident Engineer
for the time being shall determine whether any,
and if any, what extension of time ought to be
allowed for the execution and completion of all

or any of the work hereby contracted for, and
whether any, and if any, what compensation or
allowance ought to be paid or allowed to said

Contractor.... in respect of such prevention,
impediment, or delay, and in what manner such
compensation or allowance ought to be paid or
allowed, and the determination of said Resident
Engineer for the time being shall be binding
and conclusive on all parties.

PHILADELPHIA & READING RAILWAY.
It is further agreed and understood that the

work embraced in this contract shall be com-
menced within ten days from this date, and
prosecuted with such force as the Chief Engi-
neer shall deem adequate to its completion within
the time specified; and if at any time the said

party of the first part shall refuse or neglect to

prosecute the work with a force sufficient, in the
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Article V.—Continued.

In case the Contractor
should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay
promptly bills or wages
incurred for the work, or
any one or more of joint

Contractors shall become a

bankrupt, or make a gen-
eral assignment for the
benefit of creditors, or if

the property of any such
Contractor or Contractors
shall be levied upon or
taken in execution or under
attachment or by any judi-
cial process whatsoever, or
if by reason of insolvency
or bankruptcy he or they
shall be unable to ful-

fil the covenants herein
contained fully and effect-

ively according to the true
intent and spirit thereof,
the Engineer at his discre-
tion, acting for the Com-
pany, may at any time de-
clare this contract or any
portion or section embraced
in it terminated.
Should the Contractor at

any time refuse or neglect
to supply a sufficiency of
properly skilled workmen,
or of materials of the
proper quality, or fail in

any respect to prosecute the
work with promptness and
diligence, or fail in the per-
formance of any of the

agreements h e r e i n con-
tained, such refusal, neg-
lect or failure being certi-

fied by the Engineer, the

Company shall be at lib-

erty after twenty (20) days'

written notice to the Con-
tractor, to provide any such
labor or materials, and de-

duct the cost thereof from
any money then due or
hereafter to become due to

the Contractor under this

c< »ntract.

In case the work under

opinion of the said Chief Engineer, for its com-
pletion within the time specified in this agree-

ment, then and in that case the said Chief Engi-
neer in charge, or such other agent as the Chief
Engineer shall designate, may proceed to em-
ploy such a number of workmen, laborers and
overseers as may, in the opinion of the said

Chief Engineer, be necessary to insure the com-
pletion of the work within the time hereinbefore

hmited, at such wages as he may find it neces-

sary or expedient to give; pay all persons so

employed; and charge over the amount so paid

to the party of the first part as for so much
money paid to

on this contract, or for the failure to prosecute

the work with an adequate force, for noncom-
pliance with his directions in regard to the man-
ner of constructing it, or for any other omission
or neglect of the requirements of this agreement
and specifications on the part of the party of

the first part, the Chief Engineer may, at his

discretion, declare this contract, or any portion

or section embraced in it, forfeited ; which
declaration and forfeiture shall exonerate said

Company from any and all obligations and lia-

bilities arising under this contract the same as

if this agreement had never been made ; and the

reserved percentage of ten per cent, upon any
work done by the party of the first part may be
retained forever by the said Company.

NORFOLK & WESTERN RAILWAY.
and prosecute with such force as the Engineer
shall deem adequate to its completion within the

time specified, and if at any time the said part. .

of the first part shall refuse or neglect to prose-

cute the work with force sufficient, in the opinion

of the said Engineer, for its completion within

the time specified in this Agreement, then, and
in that case, the said Engineer in charge, or

such other agents as the Engineer shall desig-

nate, may proceed to employ such a number of

workmen, laborers and overseers as may, in the

opinion of the said Engineer, be necessary to

insure the completion of the work within the

time heretofore limited, at such wages as he

may find it necessary or expedient to give, pay
all persons so employed, and charge over the

amount so paid to the part.... of the first part

as for so much money paid to

on this contract; or for the failure to prosecute

the work with an adequate force, for non-
compliance with his directions in regard to the

manner of constructing it, or for failure to com-
plete the work within the time, according to

the terms of this Agreement, or for any other

del?y in the performance of, or any omission or
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Article V.—Continued.

this contract shall be as-

sumed by the Company, as
provided above, the Engi-
neer shall have the au-
thority and right, at his

discretion, to take posses-
sion for the Company and
make use of the plant and
of any or all construction
materials, both such as en-
ter into the completed work
and such as are required
during construction, deliv-
ered by the Contractor at

the site or in the vicinity

of the work, the fair value
of all such materials as
enter in the work so taken
to be established by the
Engineer, and such value,
less any previous payments
made for such materials,
shall be allowed and paid
to the Contractor in the
final estimate or settlement
of his account as for so
much work done under this
contract.

neglect of the requirements of this Agreement
and specifications on the part of the part
of the first part, the said Engineer may, at his
discretion, declare this contract or any portion
or section embraced in it forfeited, which
declaration shall exonerate the said Company
from any and all obligations and liabilities aris-
ing under this contract, the same as if this
Agreement had never been made, and the
part of the first part shall not be entitled
to the payment of the reserved percentage of
fifteen per cent, upon any work done by the
part of the first part, and the reserved
percentage upon any work done by the part
of the first may be retained forever by the party
of the second part.

If in the performance of this contract, or any
part hereof, the party of the second part shall
be or become subject to any claims, litigation
expenses, or damages, losses or liability by rea-
son of any act or default or negligence of the
part.... of the first part, or any of
agents or employes, then the party of the second
part shall have the right, by way of set-off or
defalcation, at any time or times, to withhold
and retain such sums of money . .. ./current and
ether estimates and all payments which may or
might otherwise be or become payable by the
party of the second part hereinunder, to the
part.... of the first part whether growing out
of the same or another piece of work, construc-
tion^ or transaction hereunder, as may in the
opinion of the party of the second part be
necessary to reimburse or indemnify the party
of the second part against all such claims, liti-

gation, expenses, damages, losses or liability

whether the same shall or shall not have been
definitely liquidated or ascertained, or shall or
shall not be in dispute or litigation ; and to apply
the sums or money so retained, or so much
thereof as may be ultimately found necessary to
reimburse and indemnify the party of the second
part.

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

That the whole of the work shall be prose-
cuted in the most energetic, expeditious and
workmanlike manner, with the largest force of
all classes of workmen that can be worked to

advantage and secure expedition.
That the work hereby contracted to be done

shall be begun and shall be prosecuted by the
Contractor.... in such order, and at such places,

and at such times as the Chief Engineer shall

direct.

That if at any time during the progress of
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Recommended Clause.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract

or on any particular part

or parts by giving the Con-
tractor twenty (20; days'

notice, and in the event

of such right being exer-

cised, the Engineer shall

grant to the Contractor an

extension of time equal to

the time of suspension of

the work. It is further un-

derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of

said Engineer; such sus-

pension or settlement of

the work, however, shall

not entitle the Contractor

to any claim for damages

;

or if the Company shall

postpone or suspend the

work under this contract

indefinitely or altogether,

which it reserves the right

to do, then and in that case

the Engineer shall prepare

a final estimate of the value

of the part of the work
done, such estimate to in-

clude any materials pur-

chased and delivered to the

Contractor or specially de-

signed and ordered for the

work under this contract

the same as if the work
had been completed, and
this contract shall there-

upon be terminated. All

materials paid for and in-

cluded in such final esti-

mate that are not on the

property of the Company
shall be delivered to the

Company before such esti-

mate is made. The cancel-

ing of this contract shall

not entitle the Contractor

to any claim for damage
or for anticipated profits

on it.

the work it should appear by report of the

Company's Chief Engineer that the force em-
ployed, the quantity or quality of the tools, ap-

pliances or workmen provided, or that the

progress or character of the work or materials

furnished are not respectively such as, in the

opinion of the said Chief Engineer, will insure

the completion of the work under this contract

within the time stipulated, or are not in accord-

ance with the specifications annexed hereto,

then, and in that case, the Company may serve

written notice on the Contractor.... to supply

at once such increase of force, appliances or

tools, and to cause such improvement in the

character of the work or materials to be made
as may be required to make the same conform
to the stipulations of this Agreement and Speci-

fications; and if, on the expiration of ten (10)

days after service of such written notice upon
the Contractor.... personally, or by leaving the

same at his office or last known place of resi-

dence., the Contractor.... shall have failed to

satisfy the Chief Engineer of the Company of

his efforts, ability and intentions to furnish

and remedy the specified deficiencies, the Com-
pany may thereupon enter and take possession

of the said work, or any part thereof, with the

tools, materials, plant, appliances, houses, ma-
chinery and other appurtenances thereon, and
hold th.t same as security for any or all dam-
ages or liabilities that may arise by reason of

the nonfulfillment of this contract within the

time herein stipulated ; and furthermore, may
employ the said tools and other appurtenances,

and such other means as said Company may
deem proper to complete the work at the ex-

pense of the Contractor and may deduct
the cost of same from any payments then due
or thereafter falling due to the Contractor

and in case the Contractor .... shall not com-
plete the said work within the time herein

specified, and the Company shall, notwithstand-

ing such failure, permit the Contractor.... to

proceed with and complete the said work as

if such time had not elapsed, such permission

shall not be deemed a waiver in any respect

by the Company of any forfeiture or liability

for damages or expenses thereby incurred aris-

ing from such noncompletion of said work
within the time specified, but such liability shall

still continue in full force against the Con-
tractor.... as if such permission had not been

granted.

PERE MARQUETTE RAILROAD.
If in the judgment of the Chief Engineer of

the Pere Marquette the Contractor shall at any
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Article V.—Continued.

In case the Contractor
should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay
promptly bills or wages
incurred for the work, or
any one or more of joint

Contractors shall become a

bankrupt, or make a gen-

eral assignment for the

benefit of creditors, or if

the property of any such
Contractor or Contractors
shall be levied upon or

taken in execution or under
attachment or by any judi-

cial process whatsoever, or

if by reason of insolvency
or bankruptcy he or they

shall be unable to ful-

fil the covenants herein

contained fully and effect-

ively according to the true

intent and spirit thereof,

the Engineer at his discre-

tion, acting for the Com-
pany, may at any time de-

clare this contract or any
portion or section embraced
in it terminated.

Should the Contractor at

any time refuse or neglect

to supply a sufficiency of

properly skilled workmen,
or of materials of the

proper quality, or fail in

any re/spect to prosecute the

work with promptness and
diligence, or fail in the per-

formance of any of the

agreements herein con-
tained, such refusal, neg-
lect or failure being certi-

fied by the Engineer, the

Company shall be at lib-

erty after twenty (20) days'

written notice to the Con-
tractor, to provide any such
labor or materials, and de-

duct the cost thereof from
any money then due or

hereafter to become due to

the Contractor under this

contract.

In case the work under

time fail to prosecute the said work vigorously
an 1 continuously, and if the Contractor shall

fail to comply with the requests of the said
Chief Engineer concerning the further speedy
progress of the same, and it shall appear to said
Chief Engineer that the Contractor will not be
able to complete the structure by the date herein
fixed for the completion of the same, or within
the time as extended as aforesaid, then the
Fere Marquette may take possession of all the
tools, implements, machinery and material of the
Contractor and proceed therewith and with such
other tools, implements, machinery and material
as may be deemed necessary or desirable, to com-
pute the structure ; in which case the Con-
tractor shall pay to the Pere Marquete the
expense of completing the structure, over and
above the contract price, less payments thereon
by the Pere Marquette to or on account of the
Contractor.

MICHIGAN CENTRAL RAILROAD.
That if at any time during the construction

the work in the judgment of the Chief Engineer
of the Michigan Central Railroad Company is

not carried on so as to insure, its completion
within the specified time, the said Michigan Cen-
tial Railroad Company shall be at liberty to

enter at once upon and complete the same or
otherwise arrange for its completion and deduct
such amount from the contract price.

NASHVILLE, CHATTANOOGA & ST.
LOUIS RAILWAY.

The said Chief Engineer, if in his judgment
the work does not proceed with proper speed,
shall have the power by written order to direct

the application of force to any part of the work,
or to so direct any increase of force or of ma-
terial or plant on the whole or any part of the
work. Should the said party of the second part

fail at any time to comply with such an order,

or any of the conditions of this contract, the
said Chief Engineer may
Withhold any payment on the work until sat-

isfied;

Employ such force or provide such additional
material or plant as he may see proper to ex-
pedite the work, and charge the same to the
party of the second part, his heirs or assigns, or,

The party of the first part may at once by
giving ten days' written notice annul this con-
tract.

Upon such annulment the said Chief Engi-
neer may at once take possession of the second -

party's plant then on the premises, including
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Article V.—Continued,

this contract shall be as-

sumed by the Company, as

provided above, the Engi-

neer shall have the au-

thority and right, at his

discretion, to take posses-

sion for the Company and
make use of the plant and
of any or all construction

materials, both such as en-

ter into the completed work
and such as are required

during construction, deliv-

ered by the Contractor at

the site or in the vicinity

of the work, the fair value

of all such materials as

enter in the work so taken

to be established by the

Engineer, and such value,

less any previous payments
made for such materials,

shall be allowed and paid

to the Contractor in the

final estimate or settlement

of his account as for so

much work done under this

contract.

tools and unused material, or such part of

cither as he may see proper and proceed

to complete the work. Upon completion

so made, the said Chief Engineer shall charge

the cost of the completion to the said party of

the second part, his heirs or assigns, and turn

over to him, his heirs or assigns, all plant and
material left on hand. If, after so charging

the said party of the second part and crediting

him with the contract price, any balance re-

mains due the second party, the same shall be

certified by the said Chief Engineer to the first

party in the final estimates and be paid by it

to the party of the second part, his heirs or

assigns, or as any court of competent jurisdic-

tion may order. Should the balance be against

rhe party of the second part, his heirs or as-

signs, he and his surety in this contract shall

forthwith pay the same to the party of the first

part, its successors or assigns.

Any action taken or decision made by the

said Chief Engineer under this clause shall be

binding upon both parties to this contract and

shall be final and conclusive.

MAINE CENTRAL RAILROAD.
Should the said Contractors fail to perform

an}' of the provisions of this contract or at any
time during the progress of said work, refuse or

neglect to supply a sufficiency of materials or

workmen, or should become insolvent or make
composition with creditors or should assign or

underlet this contract or any part thereof with-

out the written consent of the said Railroad,

the said Railroad shall have the power and
prhilege without avoiding this contract to pro-

vide the requisite materials or workmen or to

take the said work wholly or partially out of

the hands of the said Contractors upon three

days' written notice to that effect to the said

Contractors, and the expense and damages in-

curred thereby by the said Railroad shall be paid

by the said Contractors to the said Railroad.

MISSOURI PACIFIC RAILWAY.
Should the Contractor.... become insolvent,

or neglect or refuse to begin the work within

the time limited by this contract, or to follow

the directions of said Engineer, or to comply
with the drawings and specifications or any of

the crticles of this Agreement, or to supply

materials sufficient in quality and quantity, and

a sufficient number of workmen and tools, or

cause any delay or suspension of the work, the

Railway Company, by its said Engineer, shall

have the: right and power to declare this con-
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Recommended Clause.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract

or on any particular part

or parts by giving the Con-
tractor twenty (20) days'

notice, and in the event
of such right being exer-
cised, the Engineer shall

grant to the Contractor an
extension of time equal to

the time of suspension of

the work. It is further un-
derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of
said Engineer; such sus-

pension or settlement of
the work, however, shall

not entitle the Contractor
to any claim for damages

;

or if the Company shall

postpone or suspend the
work under this contract
indefinitely or altogether,

which it reserves the right

to do, then and in that case
the Engineer shall prepare
a final estimate of the value
of the part of the work
done, such estimate to in-

clude any materials pur-
chased and delivered to the
Contractor or specially de-
signed and ordered for the

work under this contract
the same as if the work
had been completed, and
this contract shall there-
upon be terminated. All

materials paid for and in-

cluded in such final esti-

mate that are not on the

property of the Company
shall be delivered to the

Company before such esti-

mate is made. The cancel-

ing of this contract shall

not entitle the Contractor
to any claim for damage
or for anticipated profits

on it.

tract cancelled and annulled; provided, how-
e\ er, that the power to cancel and annul this

Agreement for any of the causes aforesaid shall

not be in force without first delivering to the

Contractor. ... a notice in writing specifying

the cause or causes of complaint on the part of

the Railway Company, and warning .... that if

such cause or causes of complaint shall con-
tinue for forty-eight hours from the time of de-
livery of said warning notice to the Con-
tractor , this contract shall be cancelled and
annulled accordingly; provided, further, that if

the Contractor.... cannot be found upon the
premises where said work is to be done, such
warning notice may be delivered to any fore-

man or laborer upon the work, or may be
conspicuously posted upon said premises, and if

after forty-eight hours from delivery of notice

as aforesaid, or from the posting of same on
said premises, the cause or causes of complaint
on the part of the Railway Company shall con-
tinue, this contract shall be held and deemed to

be cancelled and annulled as aforesaid. Upon
cancellation of this contract for any of the

causes aforesaid, the Railway Company may
enter upon and take possession of the premises
and of all the work done and materials furnished
by the Contractor. . . . under this contract, in-

cluding herein all scaffolding, derricks, tools and
appliances, as to all of which the Contractor. . . .

shall deliver peaceable possession to said Rail-

way Company. Said Railway Company may
thereupon re-let the work to other Contractors,
or may, at the expense of the Contractor
provide additional materials, workmen, tools and
appliances sufficient to complete the said work,
and the expense thereof shall be deducted from
the amount which would have been due said

Contractor.... had the work been fully com-
pleted within the time and in all other re-

spects as required by this contract. Said Rail-

way Company may also pay any and all unsat-
isfied claims and demands against said Con-
tractor. . . . for work and labor done and for

materials furnished, and any other debts incurred

by said Contractor.... in connection with the

work to be done under this contract, and may
deduct all amounts so paid from any moneys
which would otherwise be due the Contractor. .. .

from said Railway Company, together with all

damages which may become due said Railway
Company under Article Seventh, or otherwise
under this contract, including herein damages
to the persons or property of third persons
agreed to be paid by the Contractor .... as

provided in the Fifth Article of this contract,

and the balance only, after making all deduc-
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Article V.—Continued.

In case the Contractor

should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay

promptly bills or wages
incurred for the work, or

any one or more of joint

Contractors shall become a

bankrupt, or make a gen-

eral assignment for the

benefit of creditors, or if

the property of any such

Contractor or Contractors

shall be levied upon or

taken in execution or under
attachment or by any judi-

cial process whatsoever, or

if by reason of insolvency

or bankruptcy he or they

shall be unable to ful-

fil the covenants herein

contained fully and effect-

ively according to the true

intent and spirit thereof,

the Engineer at his discre-

tion, acting for the Com-
pany, may at any time de-

clare this contract or any
portion or section embraced
in it terminated.

Should the Contractor at

any time refuse or neglect

to supply a sufficiency of

properly skilled workmen,
or of materials of the

proper quality, or fail in

any respect to prosecute the

work with promptness and
diligence, or fail in the per-

formance of any of the

agreements herein con-
tained, such refusal, neg-

lect or failure being certi-

fied by the Engineer, the

Company shall be at lib-

erty after twenty (20) days'

written notice to the Con-
tractor, to provide any such

labor or materials, and de-

duct the cost thereof from
any money then due or

hereafter to become due to

the Contractor under this

contract.

In case the work under

tions as aforesaid, shall be paid to said Con-
tractor after full completion of the work,
and said balance shall be accepted by said Con-
tractor .... in full of all claims and demands
against the Railway Company under this con-

tract. If no balance shall be found due, said

Contractor.... shall pay to said Railway Com-
pany all moneys expended as aforesaid by it,

atid all damages due and to become due to said

Railway Company under this contract.

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

It is also agreed and understood that if the

said Contractor shall become bankrupt or in-

solvent or assigned .... property for the benefit

of creditors, or become otherwise unable to carry

on the work, or shall neglect or refuse to do
so at any time for five (5) days in the manner
required by said Chief Engineer, or shall refuse

to follow his directions as to the mode of do-
ing the work, or shall neglect or refuse to com-
ply with any of the articles of this Agreement,
then the said Railway Company or its agents

shall have the right and is hereby empowered
to enter upon and take possession of the prem-
ises, with the materials and apparatus thereon,

after giving two (2) days' notice in writing,

and thereupon all claims of said Contractor ....,

executors, administrators and assigns shall cease,

and the said Railway Company or its agent

may, after using such of the materials on the

ground as shall be suitable, provide other mate-

rials and workmen sufficient to finish said work,

and the cost of said labor and materials so

provided shall be deducted from the amount to

be paid under this contract.

LEHIGH VALLEY RAILROAD.
If necessary, in the opinion of the Engineer,

so as to complete the contract within the speci-

fied time, the work shall be carried on day and
night, if so directed by the Engineer, and no
extra charge shall be made for such night work.
The Railroad Company reserves the right to

suspend operations on the work under this con-
tract for any particular part or parts by giving

the Contractor ten days' notice, and in event of

suck right being exercised, the Engineer shall

grant to the Contractor an extension of time
equal to the time of suspension of the work;
such suspension, however, shall not entitle the

Contractor to any claim for damages; or if the
Railroad Company shall postpone or suspend
the work under this contract indefinitely or alto-

gether, which it reserves the right to do, then
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Article V.—Continued.

this contract shall be as-

sumed by the Company, as

provided above, the Engi-
neer shall have the au-
thority and right, at his

discretion, to take posses-
sion for the Company and
make use of the plant and
of any or all construction
materials, both such as en-
ter into the completed work
and such as are required
during construction, deliv-

ered by the Contractor at

the site or in the vicinity

of the work, the fair value
of all such materials as

enter in the work so taken
to be established by the
Engineer, and such value,

less any previous payments
made for such materials,
shall be allowed and paid
to the Contractor in the
final estimate or settlement
of his account as for so
much work done under this

contract.

3nd in that case the Engineer shall prepare a
final estimate of the value of the part of the
work done, such estimate to include any mate-
rials furnished or purchased and delivered to the
Contractor for the work under this contract,
•the same as if the work had been completed,
and this contract shall thereupon be terminated.

All materials paid for and included in said

final estimate that are not on the property of
the Railroad Company shall be delivered to the

Railroad Company. The cancelling of this con-
tract shall not entitle the Contractor to any
claim for damages, or for anticipated profits on
this contract.

If at any time the Contractor shall refuse or
neglect to prosecute the work with a force, suf-
ficient in the opinion of the Engineer, for its

completion within the time specified in this agree-
ment, then and in that case the Engineer, at his

discretion, shall have the power and right to

notify the Contractor in writing to discontinue
all work or any part thereof under this con-
tract, and upon such notification said Contractor
shall discontinue said work, or such part thereof

as Ihe Engineer may designate; and the Engi-
neer, or such other agents as the Engineer may
designate, shall thereupon have the authority

and right to enter upon and continue the work
for the Contractor and to employ by contract
or otherwise, and in such a manner and at such
wages and rates as the Engineer may find it

necessary or expedient to pay, such a number
of workmen, foreman and mechanics, and to

furnish and use such, forces, plant, appliance?

and materials of all kinds as may in the judg-

ment of the Engineer be required so as to com-
plete the work under this contract promptly,

and to pay all persons thus employed or bills

thus incurred, and charge the amounts so paid

to the Contractor as for so much money paid

to the Contractor on this contract ; and further,

the Engineer shall have the right, if in his

opinion it is necessary so as to insure the Rail-

road Company from losses of any kind due to

delays in the completion of the work, as pro-

\ided for in this contract, to take possession for

the Railroad Company and make use of all con-
struction materials, both such as enter into the

completed work and such as required during
construction, delivered by the Contractor at the

site or found in the vicinity of the work,
and to further take possession and make use

of the plant, tools and working equipment of

the Contractor at the site of the work, so far

as may be necessary and essential, in the opin-

ion of the Engineer, to allow the work under
this contract to be completed promptly, it being
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Recommended Clause.

ARTICLE V. The Com-
pany reserves the right to

suspend operations on the

work under this contract

or on any particular part

or parts by giving the Con-
tractor twenty (20) days'

notice, and in the event

of such right being exer-

cised, the Engineer shall

grant to the contractor an

extension of time equal to

the time of suspension of

the work. It is further un-

derstood and agreed that

on such suspension the

Contractor may have the

option to close and settle

up for the work done ac-

cording to the estimate of

said Engineer; such sus-

pension or settlement of

the work, however, shall

not entitle the Contractor
to any claim for damages

;

or if the Company shall

postpone or suspend the

work under this contract
indefinitely or altogether,

which it reserves the right

to do, then and in that case
the Engineer shall prepare
a final estimate of the value
of the part of the work
done, such estimate to in-

clude any materials pur-
chased and delivered to the
Contractor or specially de-
signed and ordered for the
work under this contract
the same as if the work-
had been completed, and
this contract shall there-
upon be terminated. All
materials paid for and in-

cluded in such final esti-

mate that are not on the
property of the Company
shall be delivered to the

Company before such esti-

mate is made. The cancel-
ing of this contract shall

not entitle the Contractor
to any claim for damage
or for anticipated profits

on it.

understood that the said plant, tools and work-
ing equipment are to be returned to the Con-
tractor at the completion of the work in the
same condition as when taken by the Railroad
Company, ordinary wear and tear excepted, and
any loss or damage to same while used by the

Railroad Company to be made good by the Rail-

road Company.
Tn case of the failure or inability on the part

of the Contractor to prosecute the work with an
adequate force or to make proper delivery of
materials, or in case of noncompliance with the

directions of the Engineer in regard to the

quality of the materials furnished or the manner
of constructing the work, or further, in case

the Contractor should become financially embar-
rassed and unable to prosecute the work dili-

gently or fail to pay promptly bills of wages
incurred for the work, or in case of any other

omission, neglect or violation of the require-

ments of this agreement and specifications, or

breach by the Contractor of any of the coven-
ants hereof, or further, if the Contractor, or

anj' one or more of joint Contractors shall be-

come a bankrupt, or make a general assignment
for the benefit of creditors, or if the property

of any such Contractor or Contractors shall be
levied upon or taken in execution or under at-

tachment or by any judicial process whatsoever,
or if by reason of insolvency or bankruptcy he
or they shall be unable to fulfill the covenants
herein contained fully and effectively according
to the true intent and spirit thereof, the Engi-
neer, at his discretion, acting for the Railroad
Company, may, at any time, declare this con-

tract, or any portion or section embraced in it.

forfeited, such declaration and notice of for-

feiture to be in writing and to be served on
the Contractor personally or to be left at the

Contractor's office or his place of residence,

which declaration and forfeiture shall release

and discharge the Railroad Company from any
and all obligations and liabilities arising under
this contract, the same as if this agreement had
never been made, and the reserved percentage
as herein prescribed upon any work done by
the Contractor may be retained forever by the

Railroad Company, and the Engineer or his rep-

resentatives shall thereupon have full power to

enter upon and take possession of the work and
make such arrangements for carrying on the
work to completion as may seem desirable to

the Engineer; and the Engineer shall prepare a

final estimate of the quality, character, quantify
and value of all work furnished by the Con
tractor up to the time of such forfeiture of con-

tract, and the balance duo less the herein pre-
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Article V.—Continued.

In case the Contractor

should become financially

embarrassed and unable to

prosecute the work dili-

gently or fail to pay

promptly bills or wages
incurred for the work, or

any one or more of joint

Contractors shall become a

bankrupt, or make a gen-

eral assignment for the

benefit of creditors, or if

the property of any such

Contractor or Contractors

shall be levied upon or

taken in execution or under

attachment or by any judi-

cial process whatsoever, or

if by reason of insolvency

or bankruptcy he or they

shall be unable to ful-

fil the covenants herein

contained fully and effect-

ively according to the true

intent and spirit thereof,

the Engineer at his discre-

tion, acting for the Com-
pany, may at any time de-

clare this contract or any
portion or section embraced
in it terminated.

Should the Contractor at

any time refuse or neglect

to supply a sufficiency of

properly skilled workmen,
or of materials of the

proper quality, or fail in

any respect to prosecute the

work with promptness and
diligence, or fail in the per-

formance of any of the

agreements herein con-

tained, such refusal, neg-

lect or failure being certi-

fied by the Engineer, the

Company shall be at lib-

erty, after twenty (20) days'

written notice to the Con-
tractor, to provide any such
labor or materials, and de-

duct the cost thereof from
any money then due or

hereafter to become due to

the Contractor under this

contract.

In case the work under

scribed retained percentage shall be paid the

Contractor upon his giving to the Railroad

Company a release under seal from all claims or

demands whatsoever growing in any manner out

of this agreement.

In case the work under this contract shall be

declared forfeited, as provided above, the Engi-

'neer shall have the authority and right, at his

discretion, to take possession for the Railroad

Company and make use of any or all construc-

tion materials, both such as enter into the com-

pleted work and such as required during con-

struction, delivered by the Contractor at the site

or in the vicinity of the work, the fair value of

all such materials so taken to be established by

the Engineer, and such value, less any payments

on account previously made for such materials,

shall be allowed and paid to the Contractor in

the final estimate or settlement of his account as

for so much work done under this contract.

ERTE RAILROAD.

If the said Contractors shall refuse to con-

form to the directions of the said Chief Engi-

neer, or in any way violate the conditions of

this contract, or shall prosecute the work in

such manner that the said Chief Engineer shall

have grounds to apprehend that it cannot be

completed within the time herein specified, the

Chief Engineer shall serve a written notice upon

said Contractors or either of them, setting forth

the conditions violated, or the ground of such

apprehension, and if such violation of contract

or grounds of apprehension are not removed

within ten days after the service of such notice,

the Railroad Company may give notice to the

said Contractors, or either of them, that this

contract is forfeited either as to the whole or

part thereof, and the said Contractors hereby

agree to relinquish possession of the work de-

scribed in said notice, and of the materials pro-

cured for the same, immediately upon receipt of

such notice, and forfeit forever the aforesaid

per cent, of the monthly estimates held by the

Railroad Company as a security for the comple-

tion of the work.
And the Railroad Company shall have the

right to enter upon such work and re-let the

same to other parties, or complete it in whatever

manner may appear most expedient to the said

Chief Engineer, including the right to put a

force on the same to work under the special

directions of the said Chief Engineer, and to

deduct the amount paid for such force, or for

such work re-let, from the payments to be made

to said Contractors.

The Railroad Company may, at any and all
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Article V.—Continued.

this contract shall be as-

sumed by the Company, as

provided above, the Engi-
neer shall have the au-

thority and right, at his

discretion, to take posses-

sion for the Company and
make use of the plant and
of any or all construction

materials, both such as en-

ter into the completed work
and such as are required

during construction, deliv-

ered by the Contractor at

the site or in the vicinity

of the work, the fair value

of all such materials as

enter in the work so taken
to be established by the

Engineer, and such value,

less any previous payments
made for such materials,

shall be allowed and paid

to the Contractor in the

final estimate or settlement

of his account as for so

much work done under this

contract.

times, at its pleasure, upon notice in writing to

the said Contractors, or either of them, stop

all work to be performed by the said Con-
tractors under this contract; and the said Con-
tractors agree to discontinue all work immedi-
ately upon receipt of such notice, and further
agree that the Railroad Company shall not be
liable in any way whatsoever for the giving of

such notice and that the same shall not consti-

tute a breach of any of the terms of this con-
tract, and that all payments which the Railroad
Company agrees to make by and under this

contract, for the amount of work performed at

the expiration of the time limited in said notice,

shall be taken as full payment by the said Con-
tractors, and shall completely discharge the
Railroad Company from all liability under this

contract. Nevertheless, in case of such stop-

page, the Contractors shall be entitled to pay-
ment in full for all materials actually handled,
supplied, bought or contracted for, such mate-
rials and supplies thereupon becoming the prop-
erty of the said Railroad Company, but shall

make no claim for consequential damages or
anticipated profits upon the work not actually

performed.

PITTSBURG & LAKE ERIE RAILROAD.

The work embraced in this contract shall be

carried on in such a manner and prosecuted
with such rapidity as the Chief Engineer of said

Company shall deem adequate for its comple-
tion within the time hereinbefore specified. And
if at any time the Contractor shall refuse or

neglect to prosecute the work with sufficient

energy in the opinion of the Chief Engineer of

said Railroad Company for its completion in

the time specified in this contract, then, and in

that case the Chief Engineer of said Railroad
Company shall have the right to declare this

contract, or any portion of the same, forfeited

and void, and the said Chief Engineer of said

Railroad Company shall have the right to go
and complete said work, or any portion of it, in

such a manner as he may deem best, and pay
such prices or amounts of money as may be
required for its completion in accordance with
the contract and specifications herein ; and said

Contractor shall be responsible and liable, and
hereby agrees to pay to said Railroad Company
all sums of money which said Railroad Com-
pany may have to pay for the completion of said

work, as aforesaid, over and above the contract

price or prices herein set forth for its comple-
tion by said contractor.
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Recommended Clause. CHICAGO GREAT WESTERN RAILWAY.
ARTICLE VI. The Con- Thg WQfk sha]1 be commenced within

ractor agrees to commence
d after he dat£ of ^ contract and shaH be

the work covered by this
fuf]y completed on or

twenty (20) before the day of

agreement within 19....

and%o
f

Tompi
e

ete

at

tne
h
same

f

CENTRAL RAILROAD OF NEW JERSEY.

T iQOfi
^° Prosecute such work in the most ener-

on or before
* y

' get ic> expeditious and workmanlike manner, and
to complete it on or before the of

next, to the satisfaction

of said Chief Engineer or Division Superintend-
ent to be evidenced by a certificate to that effect.

PENNSYLVANIA RAILROAD.
It is further agreed and understood that the

work embraced in this contract shall be com-
menced within ten days from this date,

Unless such notice is received by the party
of the first part, the said work to be finished as

described in the approved plans and the follow-
ing Specifications, and agreeably to the direc-

tions received from the said Chief Engineer of
Maintenance of Way on or before the
day of

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

Said second part.... agree.... to commence
said work within days from the date
hereof, and to complete the same on or before
the

CANADIAN PACIFIC RAILWAY.
and will, on or before the day of

next (time being of the essence of the

contract), finally complete and deliver to the

Railway Company the following work, that is

to say:

The said work shall be commenced immedi-
ately after the execution of this agreement.

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY.

and fully complete the same ready for occu-

pancy on or before 19. . . .

ILLINOIS CENTRAL RAILROAD.
The work shall be commenced within

days after the date of this contract, and shall

be fully completed in accordance with the terms
of this contract on or before the day of

, A. D. 190.

.
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Recommended Clause. PENNSYLVANIA LINES, West of Pittsburgh.

ARTICLE VI. The Con- T . . , ., , , . . . iU . ..

tractor agrees to commence \ 1S fl rther
,

aFe
f,

d and understood, that the

the work covered by this
WOrk

,
emb

r?,
c

.

ed m tins contract shall be com-
J menced within days from date hereof.

twenty (20) The said Contractor.... will fully complete and
agreement within deliver to the Company the work embraced and
days after the date hereof described in this contract, on or before
and to complete the same , and the same shall be free from all

liens, incumbrances and charges, and done to the

r before " * ' ^u^ satisfaction and approval of the Chief Engi-
>n or

neer.

OREGON SHORT LINE RAILROAD.
The work shall commence immediately after

the execution of this contract and shall be car-

ried on and completed as fast as consistent and
as may be directed by the Resident Engineer,
with a view of completing the building on or

before the first day of , 190. . . .

SEABOARD AIR LINE RAILWAY.
on or before the day of ,

A. D. 19...., and according to the specifications

as follows, to-wit

:

It is further agreed and understood that the

work embraced in this contract shall be com-
menced within days from this date,

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

And the said Contractor.... agree.... to

commence the said work within days
from the date of this agreement, and to pro-

ceed with and complete the same to the satis-

faction of the said Chief Engineer for the time
being by A. D. 190. . . .

CHESAPEAKE & OHIO RAILWAY.
The said work shall be commenced immedi-

ately, and shall be completed by the

day of

BALTIMORE & OHIO RAILROAD.
NOW THIS AGREEMENT WITNESSETH,

That the said part.... of the first part do
hereby promise and agree to and with the said

parties of the second part, that ....he.... the

said part.... of the first part shall and will

construct and complete in the manner aforesaid

the and complete the

same within from date of this agree
ment.
AND, It is further agreed and understood

that the work embraced in this agreement shall
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Recommended Clause. be commenced within days from the date

ARTICLE VI. The Con- hereof, and prosecuted with such force as the

tractor agrees to commence •-.••; shall deem adequate to its completion
the work covered by this within the time specified in this agreement.

twenty (20) MINNEAPOLIS & ST. LOUIS RAILROAD.
agreement within
days after the date hereof T° commence said work at once,

and to complete the same
QUEEN & CRESCENT ROUTE (N. O. &

July 1, 1006 M F R p s

on or before M. F. R. R.)

' And the said Contractor.... agree.... to
commence the said work within days
from the date of this agreement, and to proceed
with and complete the same to the satisfaction

of the said Resident Engineer for the time be-
ing by , A. D

PHILADELPHIA & READING RAILWAY.
in the most substantial and workmanlike man-
ner,' to the satisfaction and acceptance of the
Chief Engineer of the said party of the second
part, on or before the expiration of days
from and after the date of this agreement.

NORFOLK & WESTERN RAILWAY.
on or before the .... day of , A. D. 190. .,

and according to the specifications as follows,

to wit

:

It is further agreed and understood that
the work embraced in this contract shall be
commenced within . . . days from this date.

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

The work shall be commenced within . . . days
after the date of this agreement, and shall be
completed within ... calendar month. . from the
date hereof.

And it is further distinctly understood and

t
agreed that "time," whenever mentioned in this
Agreement, is of the essence of this Agreement.

PERE MARQUETTE RAILROAD.
To commence said work within . . . days after

the execution and delivery of this agreement;
to prosecute the same vigorously and continu-
ously, and to complete the structure as afore-
said, on or before the day of ,

19...., and time is hereby declared to be of
the essence of this agreement.

MICHIGAN CENTRAL RAILROAD.
and to furnish all materials and tools which may
be required for the work, and to deliver the
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Recommended Clause.

ARTICLE VI. The Con-
tractor agrees to commence
the work covered by this

twenty (20)

agreement within

days after the date hereof

and to complete the same

on or before
July 1, 190G

building to the said R. R. Co. finished to the

satisfaction of the Chief Engineer of the Michi-

gan Central Railroad Company, on or before

NASHVILLE, CHATTANOOGA - & ST.

LOUIS RAILWAY.
The work shall be commenced as soon as pos-

sible and completed as soon as possible, and in

no event later than the ... day of , 19....

MISSOURI PACIFIC RAILWAY.
begin the work hereinafter mentioned, within

.... days from the date hereof, and diligently

and continuously prosecute said work to com-
pletion, and on or before the day of . . . .,

A. D. 190. .. .,

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

The above work to be done under the directions

and finished to the satisfaction of the Chief Engi-

neer of the said Railway Company on or before

the

LEHIGH VALLEY RAILROAD.
The work covered by this contract shall be

commenced promptly and prosecuted with such
force as shall, in the opinion of the Engineer,

secure its completion within the time specified,

it being distinctly understood that the time of

completion herein specified is an essential ele-

ment of the contract.

The work covered by this contract shall be

commenced and be completed on or be-

fore the .... day of , 19

ERIE RAILROAD.
The said work shall be begun by the said

Contractors within days after the execu-
tion of this agreement, and shall be prosecuted
in such manner as shall, in the judgment of the
Chief Engineer of the Railroad Company, best
conduce to the progress of contiguous work and
its early completion ; and the whole work em-
braced in this contract shall be completed and
shall be delivered to the Railroad Company, or
to such person, persons or corporation as it

may designate, in first-class working order and
free from all liens and claims, on or before the
. . . day of , 190. . . .

PITTSBURG & LAKE ERIE RAILROAD.
Said work to be completed on or before
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Recommended Clause.

ARTICLE VII. Should
the Contractor be delayed
in the prosecution of the

work by any other Con-
tractor employed by the

Company upon the work,
by acts of his employes, or

by strikes caused by his

employes, or by any dam-
age caused by fire, light-

ning, earthquake, cyclone,

or any other casualty for

which the Contractor is not
responsible, then the time
herein fixed for the com-
pletion of the work shall

be extended for a period
equivalent to the time lost

by reason of any or all the
causes aforesaid, the length
of which extended oeriod
shall be determined and
fixed by the Engineer, but
no such allowance shall be
made unless a claim there-
for is presented in writing
to the Engineer within
forty-eight hours of the oc-
currence of such cause.

CHICAGO GREAT WESTERN RAILWAY.
The Railway Company shall not allow or pay,

and the Contractor shall not present, any claim
for damages occasioned by reason of any delay

to which the Contractor may be subjected, or

any claim for damages arising from any cause,

except the gross or willful negligence of the

Railway Company. The Contractor agrees that

during the progress of the work the passage
of the trains and locomotives of the Railway
Company over its track and the operation of

its Railway shall be paramount to all other con-

siderations and shall not be delayed or inter-

fered with.

CENTRAL RAILROAD OF NEW JERSEY.

and no claim or extra compensation or price

shall be paid or allowed for by the Company for

damage arising from any suspension or delay of

the work
;

provided, however, that in case of

suspension or delay in the work caused by the

Company exceeding five days, the Contractor

shall have as much additional time in which to

complete the work as equals the time during
which the work was suspended or delayed by

the Company, but no such additional time shall

be allowed, unless the Contractor notifies the

Company, in writing, of such delay, and addi-

tional time shall be computed only from the

date of service of such notice.

CHICAGO, ROCK ISLAND & PaCIFIC
RAILWAY.

The Contractor agrees that all of the work
herein provided for shall be performed and com-
pleted under the direction and subject to the

approval and acceptance of the Chief Engineer
of the Railway Company or his authorized repre-

sentative, and so that the same shall be to the

extent that the said work shall have been paid

for by the Railway Company, free and clear

from any and all claims, liens, charges for labor

or material, on or before the , subject to

delays occasioned by strikes, accidents or other

causes unusual or beyond the control of the

said Contractor. It is agreed herein that, if

through the fault of the Railway Company, the

said Contractor is delayed in the execution of

the work herein provided for and is thereby
prevented from completing the same in the time
above stated, the said Contractor shall be al-

lowed an additional day to the time above stated

for each and every day of such delay.

CANADIAN PACIFIC RAILWAY.
If there be any stoppage of the said work

upon the written direction of the Railway Com-
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Recommended Clause.

ARTICLE VII. Should
the Contractor be delayed
in the prosecution of the

work by any other Con-
tractor employed by the

Company upon the work,
by acts of his employes, or

by strikes caused by his

employes, or by any dam-
age caused by fire, light-

ning, earthquake, cyclone,

or any other casualty for

which the Contractor is not
responsible, then the time
herein fixed for the com-
pletion of the work shall

be extended for a period
equivalent to the time lost

by reason of any or all the

causes aforesaid, the length
of which extended period
shall be determined and
fixed by the Engineer, but
no such allowance shall be
made unless a claim there-

for is presented in writing
to the Engineer within
forty-eight hours of the oc-

currence of such cause.

parry, or if its progress be materially delayed
by reason of any act or neglect of any of the
Engineers, agents or employes of the Railway
Company, the time herein specified for com-
pleting the said work shall be extended for a

period equal to the time of such stoppage or
delay, and the Contractor shall have no fur-
ther or other claim therefor, or from anything
arising therefrom or caused thereby. The right

of the Contractor to such extension shall be
deemed to have been waived unless a claim
therefor, stating the occasion and nature thereof,

shall be made by him in writing, delivered to

the Railway Company, at the time of such stop-

page or delay.

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY.

No charge shall be made by the Contractor
for hindrance or delays, from any cause, in the

progress of any portion of the work ; but should

any delay occur, Contractor may, in the dis-

cretion of the Chief Engineer, be allowed an
extension of time for the completion nf the

work so hindered and delayed, sufficient in his

opinion, to compensate for the detention, pro-

vided immediate notice in writing be given by
the Contractor to the Chief Engineer of any
detention, and its cause.

PENNSYLVANIA LINES, West of Pittsburgh.

If the progress of the work shall be delayed

by any causes beyond the control of the Con-
tractor. ., an extension of time may be allowed
by the Chief Engineer, but claims for such ex-

tension must be made in writing by the Con-
tractor. . at the time of such delay, stating its

nature and extent, and the decision of said Chief

Engineer thereon shall be final and binding

upon both parties. No monetary allowance will

lie made for any delays.

OREGON SHORT LINE RAILROAD.
No extra compensation shall be made to said

party of the second part for hindrances or de-

lays from any cause; but if such hindrance or
delays arise from any cause other than the

fault of said second party, then the said parly

of the second part shall be entitled to such ex-

tension of time for the completion of this con-

tract as the said Resident Engineer may de-

termine.

CHESAPEAKE & OHIO RAILWAY.
In the event that the work is materially de-

layed by the failure of the said Engineer to
stake out the work promptly, or from any cause
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Recommended Clause.

ARTICLE VII. Should
the Contractor be delayed
in the prosecution of the
work by any other Con-
tractor employed by the
Company upon the work,
by acts of his employes, or
by strikes caused by his

employes, or by any dam-
age caused by fire, light-

ning, earthquake, cyclone,
or any other casualty for
which the Contractor is not
responsible, then the time
herein fixed for the com-
pletion of the work shall
be extended for a period
equivalent to the time lost
by reason of any or all the
causes aforesaid, the length
of which extended period
shall be determined and
fixed by the Engineer, but
no such allowance shall be
made unless a claim there-
for is presented in writing
to the Engineer within
forty-eight hours of the oc-
currence of such cause.

for which the Company may be responsible, or
by any other Contractor employed by the Com-
pany upon the work, or by any damage that
may happen by fire, lightning, earthquake or
cyclone, or by the strike or abandonment of the
work by the laborers or employes, through no
fault of the Contractor, then the time herein
specified for the completion of the work shall
be extended for a period equivalent to the
time lost by reason of any or all of the causes
aforesaid, and the said Contractor shall have
no further claims therefor, cr for anything
arising from said delays.

PHILADELPHIA & READING RAILWAY.
No extra compensation shall be made to the

said party of the first part for hindrances
and delays from any causes in the progress
of any portion of the. work performed under
this agreement; but if such delays or hindrances
arise from any cause other than the fault of
the said party of the first part, then and in

that case the said parties of the first part shall
be entitled to such an extension of time for the
completion of this contract as shall, in the
opinion of the said Chief Engineer, be suffi-

cient to compensate for any such detention,
provided the said parties of the first part shall
give notice in writing to the said party of the
second part of such hindrances and delays,
stating the cause thereof,, within twenty-four
hours after the same shall first occur.

NORFOLK & WESTERN RAILWAY.
No charge or claim shall be made by the

Contractor for hindrances or delay from any
cause in the progress of any portion of the
work in this Contract, whether for want of
Right-of-Way, litigation or otherwise, but
these may entitle him to an extension of time
allowed for completing this work sufficient to
compensate for the detention, to be determined
by the Engineer in charge, provided immediate
notice in writing of the cause of the detention
has been given to the party of the second part
and to the said Engineer.

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

That nothing herein contained shall be con-
strued into a liability for damages, nor shall
any charge or claim be made by the Contractor
for hindrance or delay from any cause what-
ever in the progress of any portion of his
work, or should the whole or any part of the
work embraced in this Contract be for any



1250 UNIFORM GENERAL CON'I kAC'l FORMS.

Recommended Clause.

ARTICLE VII. Should
the Contractor be delayed
in the prosecution of the
work by any other Con-
tractor employed by the

Company upon the work,
by acts of his employes, or
by strikes caused by his

employes, or by any dam-
age caused by fire, light-

ning, earthquake, cyclone,
or any other casualty for

which the Contractor is not
responsible, then the time
herein fixed for the com-
nletion of the work shall

be extended for a period
equivalent to the time lost

by reason of any or all the
causes aforesaid, the length
of which extended period
shall be determined and
fixed by the Engineer, but
no such allowance shall be
made unless a claim there-
for is presented in writing
to the Engineer within
forty-eight hours of the oc-
currence of such cause.

reason suspended or delayed, and that in no
event shall the Contractor claim or have a right

to extra compensation, or price for damage
arising from any suspension or delay in the

prosecution of said work, it being, however,
understood and agreed that the Contractor shall

have such extension of time for the completion

of the work embraced in this contract as shall

be determined by the Chief Engineer as being

equal to the amount of delays caused by acts

or omissions of the Company, or on account of
failure to secure right-of-way, or for any

other reasons not within the control of the

Contractor, provided he shall give the Chief
Engineer notice in writing of the existence

and cause of hindrance, detention or delay

within twenty-four hours after the same shall

first occur.

PERE MARQUETTE RAILROAD.
To pay to the Pere Marquette all reason-

able expenses attending the oversight of the

Contractor's work after the date aforesaid, in-

cluding the wages of an inspector, and the

further sum of dollars per day for

each day the structure remains incomplete after

the date aforesaid; said sum being the actual

damages which it is agreed will be sustained

each day by the Pere Marquette by a failure

to complete the structure by the date aforesaid.

Provided, however, that in case any delay

in the completion of the structure shall be due
solely to fire, tempest or other unavoidable ac-

cident, or to a strike, or to an alteration or

alterations as hereinafter provided, or to the

fault of the Pere Marquette, then, upon writ-

ten notice from the Contractor, as hereinafter

provided, such further time, and no more, shall

be allowed for the completion of the structure

as the Chief Engineer of the Pere Marquette
shall in good faith certify in writing to be

reasonable, and until the expiration of such

further time the Contractor shall not be liable

for the expenses and per diem aforesaid.

If the Contractor shall claim that any fact

warrants an extension of the time for the

completion of the work beyond the date fixed

herein for such completion, the Contractor shall

give written notice thereof, stating the fact.

to the Chief Engineer of the Pere Marquette

;

and if the Contractor fails so to do, within

six days after knowledge by the Contractor

or his foreman of such fact, no extension shall

be allowed.
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Recommended Clause.

ARTICLE VII. Should
the Contractor be delayed
in the prosecution of the

work by any other Con-
tractor employed by the

Company upon the work,
by acts of his employes, or
by strikes caused by his

employes, or by any dam-
age caused by fire, light-

ning, earthquake, cyclone,

or any other casualty for

which the Contractor is not
responsible, then the time
herein fixed for the com-
pletion of the work shall

be extended for a period
equivalent to the time lost

by reason of any or all the
causes aforesaid, the length
of which extended period
shall be determined and
fixed by the Engineer, but
no such allowance shall be
made unless a claim there-
for is presented in writing
to the Engineer within
forty-eight hours of the oc-
currence of such cause.

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

No charge shall be made for delays in the
delivery of materials nor for difficulty in ob-
taining the same, nor for the failure of other
persons connected with the work to do their
part, but such delays or difficulties may entitle
the Contractor to an addition to the time al-

lowed for the completion of the contract, at
the discretion of the Railway Company's Chief
Engineer. All claims for any extension of time
for completing the contract must be made at
the time the delay or delays occur, in writing,
and no allowance must be assumed to have
been made unless so stated in writing by the
said Railway Company's Chief Engineer.

LEHIGH VALLEY RAILROAD.

No charge shall be made by the Contractor
for hindrances or delays arising from any
cause during the progress of the work; but
he shall be entitled to an extension of time
allowed for completing the work, sufficient to
compensate for the detention, to be determined
by the Engineer, provided the Contractor shall
give the Engineer immediate notice in writing
of the cause of the detention.

Should the time given in this contract for
completion arrive, and the work under this
contract not then be completed, the Engineer
may, in writing, notify the Contractor to con-
tinue with the work, and the Contractor shall
in such an event be bound to do so, but the
Railroad Company shall not be bound for the
payment of any part of the work done after
the time set for completion in this contract has
expired, unless the notice for continuance has
been given in writing by the Engineer to the
Contractor. If the Engineer should at any
time grant the Contractor an extension of time
for the completion of the work, in part or
whole, covered by this contract, and notify the
Contractor in writing of the new date for com-
pletion fixed upon and to what parts of the
work applicable, then all clauses in this con-
tract bearing upon the date of completion for
such

_
part of the work, for which an extension

of time is granted, shall apply the same and
in full force to the new date for completion
of such part of the work. Any such extension
of time, however, shall in no way be construed
to relieve the Contractor from any obligations
on the balance of the work, for which an exten-
sion of time is not granted.
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Recommended Clause. CHICAGO GREAT WESTERN RAILWAY.
ARTICLE VIII. It is in case the Contractor shall fail to pay any

hereby mutually agreed be- damages, costs or expenses agreed by him to

tween the parties hereto be paid, or in case there shall be any unset-
that the sum to be paid by tied claims for such damages, costs or ex-
the Company to the Con- penses, then and in such case the Railway
tractor for the work cov- Company may at its option retain out of the
ered by this contract shall money due to the Contractor, if there shall re-

be the sum of main sufficient money due the Contractor

therefor, a sum equal to the amount of the

Forty-seven Thousand Six damages, costs and expenses so claimed and
remaining unpaid, and the possible cost and
expenses of settling, determining and col-

Hundred nnd Forty-three lecting the same until such claims are deter-

mined by legal process or otherwise. If there

shall not be a sum due the Contractor equal
Dollars ($47,643.00). to t jle amoun t f such damages, costs and ex-

penses, and the possible cost and expense of

... settling, determining and collecting the same,
correction price en piling, ,,

&
', .

&
. , .v. ^ . .

por (

then whatever sum may be due the Contractor
shall be so retained and the amount thereof

cut off per linear foot, so determined with the costs and expenses, in-

cluding attorney's fees added thereto, may be

paid by the Railway Company out of the

40 cents. money so retained so far as the same will reach.

Said Chief Engineer or his Assistant shall

have the right, at his option, to estimate the
correction price on timber' amount of damage to persons or property dur-

^ or ing the progress of the work, and to pay the

same and such estimate and the payments
in foundations, per M, thereof s

tiall be conclusive upon both parties

hereto, both as to the amount being proper

«„„
00

and just and the necessity for payment thereof.

It is the desire of the Railway Company that

the Contractor shall so conduct the business

correction price on con- relating to this contract that he will make it

por certain that all persons performing labor or

furnishing anything for the execution of this

crete in foundations, contract, shall receive the agreed or reason-

; able price therefor. With this purpose in view
the Contractor agrees to contract for all labor

per cubic yard, $6.00. so as to retain from the money due therefor

the amount of the board bills contracted dur-

ing the performance of such labor for any and
correction price on stone a )l persons and teams employed upon said

F° r work, and to pay said board bills with the

money so retained. And whenever, in the
masonry in foundations,

pinion of the General Manager or Chief En-
gineer of the Railway Company, it may be

per cubic yard, $.8.00.
necessary to secure the payment of bills for

labor, material, tools, outfits, supplies, provi-

sions, goods or board, or any or either thereof,

subject to additions and incurred in connection with the performance

deductions as hereinbefore °* this contract, the Railway Company may.

provided, and that such at its option, pay the same, or retain the money
sum shall be paid by the necessary to pay the same until the Contractor

Company to the Contractor. shall pay them, and all money so paid shall
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Article VIII.—Continued.

On or about the first day
of each month, during the

progress of this work, an
estimate shall be made by
the Engineer of the relative

value of the part of the
work done up to such time,

and upon his certificate of
the amount being presented
to the proper official of the

Company, or such disburs-
ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained is per cent., and
less previous payments, shall

be paid to the Contractor
on or about the twentieth
day of each month for the
work done in the previous
month at the nearest dis-

bursing point of the Com-
pany to the Contractor's
office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-
ules, all permits, etc., re-

quired by State and Mu-
nicipal Laws and Ordi-
nances; or if at any time
there shall be evidence of
any lien or claim for which,
if established, the Company
might become liable, and
which is chargeable to the
Contractor, the Company
shall have the right to re-

tain out of any payment
then due or thereafter to

become due an amount suffi-

cient to completely indem-
nify the Company against
such lien or claim.

The final payment shall

be made subject to releases,
after the completion of the
work included in this con-
tract. The Contractor shall

furnish to the Company or
Engineer, if deemed neces-

sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of

be deducted from the amount which may be
payable to the Contractor or recovered from
him.
The Contractor shall, whenever requested so

to do, furnish said Chief Engineer in such de-
tail as he may require, statements in writing
of all sums owing by the Contractor or sub-
contractors for services rendered, labor per-

formed or material, supplies, tools, machinery
or board furnished or used in the performance
of this contract.

The Railway Company agrees to pay to the
Contractor for everything to be done and fur-

nished bv him under this contract the amount
specified as follows, viz. :

The above prices shall be paid in the follow-
ing manner : As soon as practicable after the

first day of each and every calendar month
after the commencement of the work by the

Contractor, the said Chief Engineer shall fur-

nish to the Railway Company an estimate made
by him, or his Assistant, of the approximate
amount and value of the work done at the
prices herein specified, from the commencement
of the work up to the first day of the calendar
month in which the estimate is made ; and on
or about the twentieth (20th) day of the same
month the Railway Company will pay to the

Contractor, subject to deductions as herein pro-
vided, the total amount of said estimate, less

the amount theretofore paid to the Contractor
on account of any previous estimate, and less

ten (10) per cent, of said estimate, which last

named percentage or sum the Railway Com-
pany shall retain until the full and final com-
pletion of the work in strict accordance with
the terms hereof ; and when the entire work
herein agreed by the Contractor to be done
shall have been entirely finished and completed,
in accordance with the terms hereof, and to the
satisfaction and acceptance of said Chief En-
gineer, and when said Chief Engineer shall

have furnished to the Railway Company a cer-

tificate to that effect, and shall, with said cer-

tificate, also present his estimate of the amount
and value of the work done by the Contractor
under the terms of this agreement, which esti-

mate shall be final and conclusive between the
parties hereto, and when the Contractor shall

have furnished proof satisfactory to the Rail-

way Company that no lien exists or is claimed
against any of the property of the Railway
Company on account of anything done or fur-

nished under this contract, and that no debts,

dues, claims, damages or demands which the

Contractor has herein assumed or agreed to

pay or to indemnify the Railway Company
against, remrin unpaid or unsatisfied, then the
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Article VIII.—Continued.

said Contractor and of sub-

contractors and of all per-

sons furnishing materials

or labor hereinunder who
might have a lien therefor.

Should there prove to be

any such claim after the

final payment is made the

Contractor shall refund to

the Company all moneys
that the latter may be com-
pelled to pay in discharg-

ing any lien or claim on
said premises arising from
work done on property or

material furnished herein-

under, the Contractor to

refund such amounts to the

Company before the bond
covering the work is de-

clared released.

It is further mutually
agreed between the parties

hereto that no estimates

given or payments made
under this contract, except

the final certificate or final

payment, shall be conclusive

evidence of the perform-
ance of this contract, either

wholly or in part, and that

no payment shall be con-
strued to be an acceptance

of defective work or im-
proper materials.

Railway Company will pay to the Contractor,

subject to deductions as herein provided, the

sum or sums, if any, due to the Contractor

under the terms of this agreement, together

with the ten (10) per cent above referred to

and any and all other percentages by it re-

tained as aforesaid.

No monthly approximate estimate shall in

any respect be taken as an admission by the

Railway Company of the amount of the work
done or its classification, quality or sufficiency

or of the sum due the Contractor, nor as an
acceptance of any work done, or release of

the Contractor from responsibility in respect

thereof. At the time the final certificate is

given the whole of the work and every part

thereof, including quantity, quality, classifica-

tion, price and all other particulars relating to

said work, shall be subject to revision and
adjustment, rejection or acceptance by said

Chief Engineer.

CENTRAL RAILROAD OF NEW JERSEY.
The Company, in consideration of the true

and faithful performance by the Contractor of

his covenants and agreements, does covenant
:ind agree with said Contractor, to pay or

cause to be paid to said Contractor for said

work, the following rates and prices

such payment or payments to be made
as follows :

It is mutually covenanted and agreed between
the Contractor and the Company, as follows

:

The Company is hereby expressly authorized
and directed to pay to any laborer, workman
or mechanic, who shall have performed any
work for the Contractor, or any material man
who shall have furnished materials, and who
by any law or statute is entitled to any prefer-

ence in payment or lien, and who has complied
with the requirements of such law or statute,

if any, and deduct the amount of any such pay-
ment from the contract price or amount due
from the Company to the Contractor ; and the

said Contractor shall, if required by the Com-
pany, furnish any information necessary to

enable the Comoany to determine whether such
laborer, workman or mechanic has performed
the labor and service, or material man has fur-

nished materials for which he claims payment,
and under oath if so requested : the Contractor
shall also, if required by the Company, when
payment is made to him, disclose the extent

of his indebtedness, if any, due from him to

any laborer, workman, mechanic or material

man who have not at that time requested the

Company to pay them for such labor, service

or materials.
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Recommended Clause. PENNSYLVANIA RAILROAD.
ARTICLE VIII. It is And the said party of the second part doth

hereby mutually agreed be- promise and agree to pay to the said party of
tween the parties hereto the first part, for the work to be done under
that the sum to be paid by this contract, the following prices, to wit

:

the Company to the Con-
tractor for the work cov- On or about the last day of each month, during
ered by this contract shall the progress of the work, an estimate shall be
be the sum of made of the relative value of the work done,

to be judged by the Engineer; and ninety per
Forty-seven Thousand Six cent, of the amount of said estimate shall be

paid to the party of the first part on or about
„„, , , „ A „ the fifteenth day of the following month. AndHundied and Forty-three when all thc work embraced in this contract

is completed, agreeably to the specifications, and
Dollars ($47,643.00)

m .accordance with the directions and to the
satisfaction and acceptance of the Engineer,
there shall be a final estimate made of the qual-

coi-rection price on piling, hy, character and value of said work, accord-
F° r ing to the terms of this agreement, when the

balance appearing due to the said party of the
cut off per linear foot, first part shall be paid to within thirty days

thereafter, upon .... giving a release, under seal,

40 cen
.

to the party of the second part, from all claims
or demands whatsoever growing in any manner
out of this agreement, and upon. .. .procuring

correction price on timber
and delivering to the party of the second part

For full releases, in proper form and duly executed,
from mechanics and material men, of all liens,

in foundations, per M, claims and demands for materials furnished
and provided, and work and labor done and
performed upon or about the work herein con-

$30 °0- tracted for under this contract.

There shall be no lien or right to file a lien

„„,.,.„„.. . against the structure or other improvements
correction price on con- i 4. j r .

por
' LOU herein contracted for, or any part or parts

thereof, or the site thereof, for work or labor

crete in foundations
done

,

or materials furnished in the performance
of the work embraced in this contract, or any
part or parts thereof, or extra work thereunder

;

per cubic yard, $6.00. and no such lien or claim shall be filed, or in
any way attempted to be enforced by or on
behalf of the party of the first part hereto,

^ correction price on stone or by or on behalf of any sub-contractor, ma-
1<or terial man or other person concerned in or

about the performance of the work embraced
masonry in foundations, in this contract ; nor shall there be any claim

for such work or materials against the party
of the second part, or its assignees, other than

per cubic yard, $8.00. the claim of the party of the first part under
this contract.

subject to additions and
deductions as hereinbefore
provided, and that such
sum shall be paid by the
Company to the Contractor.
On or about the first dav

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

The Contractor further agrees to protect and
indemnify the Railway Company to the extent
that the material and labor shall have been paid
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of each month, during the

progress of this work, an
estimate shall be made by
the Engineer of the relative

value of the part of the

work done up to such time,

;.nd upon his certificate of

the amount being presented
to the proper official of the

Company, or such disburs-

ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained 15 per cent., and
less previous payments, shall

be paid to the Contractor
on or about the twentieth

day of each month for the

work done in the previous
month at the nearest dis-

bursing point of the Com-
pany to the Contractor's
office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-
ules, all permits, etc., re-

quired by State and Mu-
nicipal Laws and Ordi-
nances ; or if at any time
there shall be evidence of
any lien or claim for which,
if established, the Company
might become liable, and
which is chargeable to the
Contractor, the Company
shall have the right to re-

tain out of any payment
then due or thereafter to

become due an amount suffi-

cient to completely indem-
nify the Company against
such lien or claim.

The final payment shall

be made subject to releases,

after the completion of the

work included in this con-
tract. The Contractor shall

furnish to the Company or
Engineer, if deemed neces-
sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of
said Contractor and of sub-

contractors and of all per-

for by the Railway Company to the Contractor
against any or all claims or liens upon said

buildings, or any of them, and the premises of
the Railway Company against any sub-contractor,

mechanic, workman or other person who shall

furnish any material, apparatus, machinery or
fixtures provided for hereby, or furnish or per-

form any services or labor for or under the

Contractor, and agrees to comply in all re-

spects with the statutes of the State of
relating to mechanics' liens, now in force or
in force during the time said work is in prog-
ress, and will furnish, when requested, state-

ments to the Railway Company as provided for

by such statutes.

The Railway Company, in consideration of

the covenants and agreements herein con-
tained to be observed, kept and performed
by the Contractor, agrees to pay to the Con-
tractor upon completion of the hereinbefore
named buildings and structures in strict ac-

cordance with the attached plans and specifica-

tions, and upon the final acceptance of said

buildings and structures by the said Chief En-
gineer of the Railway Company, the following
amounts, to wit :

To be paid in the following manner : Ninety
per cent, to be paid in cash on or about the
15th day of every month for all work done
the previous month ; and it is agreed between
said parties that the first party shall have the
right to retain ten per centum of each and
every estimate made by said Chief Engineer on
the said work, till the whole has been entirely

finished and completed, to the satisfaction and
acceptance of the Chief Engineer, and until he
shall have furnished a certificate to that effect

to said first party. And in case of the failure

of the second party to complete the whole
amount of the work embraced in this contract,

according to its several stipulations, the said

ten ~>er centum shall be forever retained as an
agreed compensation for damages by the first

party. It is further mutually agreed between
said parties, that said second part. .. .shall be
paid in the manner above stated, only for actual

work done and materials furnished ; it being
expressly understood and agreed between the
parties hereto, that all monthly or progress
estimates, which may be made from time to

time, as the work progresses, are only approxi-
mate, and will not govern or affect in any way
the amount of the final estimates as made by
the Chief Engineer, after the completion of the
terms of this contract.

CANADIAN PACIFIC RAILWAY.
The Contractor shall promptly pay for all

labor, services or material used in or about
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sons furnishing materials

or labor hereinunder who
might have a lien therefor.

Should there prove to be
any such claim after the

final payment is made the

Contractor shall refund to

the Company all moneys
that the latter may be com-
pelled to pa}' in discharg-
ing any lien or claim on
said premises arising from
work done on property or
material furnished herein-
under, the Contractor to

refund such amounts to the
Company before the bond
covering the work is de-
clared released.

It is further mutually
agreed between the parties

hereto that no estimates
given or payments made
under this contract, except
the final certificate or final

payment, shall be conclusive
evidence of the perform-
arce of this contract, either
wholly or in part, and that
ro payment shall be con-
strued to be an acceptance
of defective work or im-
proper materials.

the construction of the work, and all payments
for such purposes shall be made by the Con-
tractor at least as often as payments are made
by the Railway Company to the Contractor,
and, in the event of failure by the Contractor
at any time to do so, the Railway Company
may retain from all moneys due or to become
due to the Contractor such amount of moneys
as the Chief Engineer or the Engineer may
deem sufficient to pay for the same or to secure
the Railway Company from loss by such non-
payment.

Before final settlement is made between the
parties hereto for work done and materials fur-
nished

_
under this contract, the Contractor shall

and will produce and furnish evidence satisfac-
tory to the Railway Company that the said
work and any other property of the Railway
Company upon which such work may have been
constructed and all structures are free and clear
from all liens for labor, workmanship, materials
or otherwise, and that no claim then exists in
respect of which a lien upon the said work or
property of the Company could or might at-
tach. And the Contractor shall protect and
hold harmless the Railway Company and all its

property from any and all kinds of liens accru-
ing for labor and services performed and ma-
terial furnished or otherwise and any of the
same in or about the said work.

In consideration of the faithful performance
by the Contractor of all and singular the cove-
nants and agreements herein contained, the
Railway Company hereby covenants and agrees
with the Contractor that it will well and truly
pay to him on the full completion by him of
all the work embraced in this agreement, in
the manner and within the time herein specified
and limited for the completion thereof to the
satisfaction and subject to acceptance by its

Chief Engineer, and subject also as herein pro-
vided, the following sums and prices, namely

:

Approximate estimates of the work done un-
der this contract are to be made at the end
of each calendar month by the Engineer, and
payments thereon shall be made by the Rail-
way Company to the Contractor on or about
the twentieth^ day of the next ensuing month,
less all previous payments and less ten per
cent, of the amount of each and every such
monthly estimate, which last mentioned percent-
age may be retained by the Railway Company
as an additional security for the performance
of this contract by the Contractor until the
same has been completely performed.
When, in the opinion of the Chief Engineer

of the Railway Company this agreement has
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Recommended Clause. been completely performed within the time

ARTTTT F VTIT It is
herein provided, subject to the foregoing pro-

*
, . ,, , , vision as to extension, he shall certify the same

hereby mutually agreed be- .

rfti under hjs hand iA a final estimatc
ween the parties hereto

f the wQrk done b ^ Contractor and a
that the sum to be paid b>

slatement o£ the amount due and aid and
the Company to the Con-

the Rail Company shall within sixty days
tractor for the work cov-

after guch c letio
'
pay to tlie Contractor the

ered by tins contract shall
fuU amoum whjch sha]1 be go found due indud _

be tne sum ot
jng.

t jie percentage retained on former estimates

Forty-seven T'l sand six as aforesaid, except as in this agreement is

otherwise provided upon delivery by the Con-
tractor to the Company, if required, of a good

Hundred and Forty-three and valid release and discharge of and from
any and all claims and demands for and in

respect of all matters and things growing out
Dollars ($47,643.00). of or connected with this contract or the sub-

• ject matter thereof and of and from all claims

and demands whatsoever,
correction price on piling.

F° r
CLEVELAND, CINCINNATI, CHICAGO &

cut off per linear foot. ST. LOUIS RAILWAY.
and for the work embraced in this agreement the

40 cents.
sa'^ second party hereby agrees to pay to the
first party the sum of for the said

Estimates shall be made during the progress of

correction price on timber the work on or before the day of each
For month, and 90 per cent, of the amount of said

estimates shall be paid to the first party on ac-
in foundations, per M, count of this agreement in the regular course

of said second party's business. The amount of
said monthly payments to be determined by the
Chief Engineer. And when all the work em-
braced in this agreement is completed agreeably

correction price on con- to tne specifications and to the satisfaction and
acceptance of the Chief Engineer of the second
party, there shall be a final estimate of the

crete in foundations, quality, character and value of said work, agree-
able to the terms and specifications, when the

balance appearing due to the first party shall be
per cubic yard. .$6.00. paid to him upon giving satisfactory assurance

to the second party that all claims for labor per-

formed and material furnished during the per-
correction price on stone

formance f this contract and liens filed have
r been fully settled and satisfied.

, „„ , ,,,„,,,; „«. Contractor will be held liable for the paymentsmasonry in loundai ions. , ., , , •

of all laborers who may be engaged on his

works, whether employed by himself or sub-

„ >•„„„,. i «o on contractors; and the Railway Company reserves
per cubic yard. $S.00. , . . ' , r . J. ... * J

the right and power of withholding any money
due the Contractor and paying the same to

subject to additions and laborers, and also to other creditors,

deductions as hereinbefore tt t tmatc r r.,ITn . r ^ . TT -,-,,-. . ^
provided, and that such ILLINOIS CENTRAL RAILROAD,
sum shall • be paid by the The Railroad Company hereby agrees that upon
Company to the Contractor. the certificate of the Engineer that the work
On or about the first day has been completed in accordance with the stipu-
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of each month, during the
progress of this work, an
estimate shall be made by
the Engineer of the relative

value of the part of the
work done up to such time,

and upon his certificate of
the amount being presented
to the proper official of the
Company, or such disburs-
ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained 15 per cent., and
less previous payments, shall

be paid to the Contractor
on or about the twentieth
day of each month for the
work done in the previous
month at the nearest dis-

bursing point of the Com-
pany to the Contractor's
office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-
ules, all permits, etc., re-
quired by State and Mu-
nicipal Laws and Ordi-
nances; or if at any time
there shall be evidence of
any lien or claim for which,
if established, the Company
might become liable, and
which is chargeable to the
Contractor, the Company
shall have the right to re-
tain out of any payment
then due or thereafter to
become due an amount suffi-

cient to completely indem-
nify the Company against
such lien or claim.
The final payment shall

be made subject to releases,
after the completion of the
work included in this con-
tract. The Contractor shall

furnish to the Company or
Engineer, if deemed neces-
sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of
said Contractor and of sub-

lations herein contained, it will pay the Con-
tractor in full for the performance of the same,
as follows
The Railroad Company agrees that an estimate

shall be made during the progress of the work
on or before the fifth day of each month for all

work done during the calendar month next pre-

ceding, and that on or before the fifteenth day
of the month ninety (90) per cent, of the amount
of such estimate as certified to by the Engineer
shall be paid to the Contractor, and the remain-
ing ten (10) per cent, shall be retained by the

Railroad Company until the completion to the

satisfaction of the Engineer of all the work, upon
which completion of the work and its acceptance
by the Engineer, the balance due the Contractor
under this Contract shall be paid in full by the

Railroad Company; provided, however, that all

claims preferred by any person or persons, for

labor done or materials or supplies furnished to

the Contractor or to sub-contractors for, in, or on
account of the work may be deducted from any
moneys due the Contractor, and may be retained

by the Railroad Company, and either paid to such
claimants, or held until such claims are paid, or
otherwise settled.

The Contractor agrees, if requested by the

Railroad Company to do so, to furnish to the
Railroad Company such proofs as it may require
that all claims as aforesaid against the Con-
tractor or sub-contractors, for, in, or on account
of the work, have been fully settled, such proofs

to be furnished as a condition to be performed
before payment shall be made by the Railroad
Company for such work, and also if requested by
the Railroad Company to do so, to furnish to

the Railroad Company at the end of each month
during the progress of the work, a sworn state-

ment of the amount due to other persons for

labor done or materials or supplies furnished for,

in, or on account of the work; together with
certified copies of all pay-rolls and bills paid and
unpaid, for, in, or on account of the work.

PENNSYLVANIA LINES, West of Pittsburgh.

The said hereby covenants and
agrees to pay to the said Contractor. ., in cur-
rent funds at the City of Pittsburgh, for com-
pleting this contract in all respects to the ac-

ceptance of the said Engineer, as follows :

It is mutually agreed that the prices above
specified shall be in full compensation for all

materials, scaffolding, sheathing and tools, and
work required to complete the same in all re-

spects.

On or about the twentieth of each month the

said Engineer will make an estimate of the rela-
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contractors and of all per-

sons furnishing materials

or labor hereinunder who
might have a lien therefor.

Should there prove to be

any such claim after the

final payment is made the

Contractor shall refund to

the Company all moneys
that the latter may be com-
pelled to pay in discharg-

ing any lien or claim on
said premises arising from
work done on property or

material furnished herein-

under, the Contractor to

refund such amounts to the

Company before the bond
covering the work is de-

clared released.

It is further mutually

agreed between the parties

hereto that no estimates

given or payments made
under this contract, except

the final certificate or final

payment, shall be conclusive

evidence of the perform-
ance of this contract, either

wholly or in part, and that

no payment shall be con-
strued to be an acceptance
of defective work or im-
proper materials.

tive value of work done on the basis of this

contract. This certified estimate shall be trans-
mitted to the Comptroller, and upon a voucher
being issued by him therefor, eighty-five per cent,

of such estimate shall be paid at the office of

the Treasurer at Pittsburgh, in funds current at

Pittsburgh, in the same way as other dues are

paid by said Company, between the 15th and
the 25th of the month succeeding that for which
the estimate is returned. No monthly estimate
will be made on unfinished work that does not
amount to over one hundred dollars.

It is further covenanted and agree by the par-
ties hereto, that when the work herein con-
tracted for is completed to the satisfaction of said

Engineer, he shall measure, classify, and make a

final estimate of all the work done according to

the contract, and shall append to the same a
certificate under his hand, that the same is a just

and proper estimate, and that the work embraced
in the same has been done and completed, ac-

cording to this contract. The said estimate shall

be transmitted to the Comptroller of the said
Company, who, after deducting all previous pay-
ments, shall cause a voucher to be made for the
balance that may remain unpaid on said con-
tract, which voucher shall be paid within thirty

days after the making of said final estimate to

the said Contractor.

It is, however, expressly understood, that the
said Contractor. . at the time of receiving said

balance, shall give a receipt in full for said bal-

ance and all claims and demands arising under
this contract, and shall also satisfy said Engineer
that there are no claims for material or labor
unpaid which the first party might be made liable

for under any law in force at that time. No
payment will be made for material not in place,

except at the option of the Engineer. No over-
sight or error in making the estimates or certifi-

cates shall relieve the Contractor from his ob-
ligations to do and complete the work according
to the true intent of the drawings and specifica-

tions.

OREGON SHORT LINE RAILROAD.
It is understood and agreed that the lump sum

of shall cover the entire expense of con-
structing the ... building complete and ready for

occupation, as set forth in the plans and specifi-

cations attached and made part of this agreement,

and that in the event of any additional work
being decided upon to be done in connection with

the work covered by this contract the same shall

be considered as extra work and if performed
by party of the second part it shall be in accord-

ance with a written agreement and understand-
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ARTICLE VIII It is
°^ tne ^rs ^ Par *- an<^ the Party of the second part

;

hereby mutually ag'reed be-
or in the event of failure of said Resident En-

tween the parties hereto g'neer a»d the party of the second part to agree

that the sum to be paid by upon Prices for doing such work the party of the

the Company to the Con- first Part may arrange for doing the work by

tractor for the work cov-
others or by its own forces direct, as it may see

ered by this contract shall ,,,. . , . . . .

be the sum of
When over two months time is required to

complete the work an approximate estimate of the

Forty-seven Thousand. Six relative value of the work done shall be made
on or about the last day of each month by the
Engineer in charge of said work, said estimate

Hundred and Forty-three after deducting fifteen (15) per cent, shall be paid
during the succeeding month to the party of the
second part, said retained percentage to be paid

Dollars ($47,043.00). when the work shall have been completed as

herein provided and received and accepted by the

., . .,. said Resident Engineer of the party of the first
correction price on pihnar, . 1 1 • jjv -j j

por
* a

' part, and when, in addition, said second party
shall have executed to said first party a receipt

cut off per linear foot, and release in full for all claims and demands
whatsoever, either directly or indirectly arising

from or growing out of this contract or any
40 cents. stipulation thereof or performance of work under

the same.

For
COn

:

eCti0n

.

Pri

?

e
°.

n
.

t

:

mbei
;

SEABOARD AIR LINE RAILWAY.
And the said party of the second part does

in foundations, per M, promise and agree to pay the sa jd party of the

first part for the work done and material fur-

«3Q qq nished by . . . under this contract as follows, to-

'
„ / wit :

Payment is to be made by the party of the

correction price on con- second part for work done and materials furnished
For under this contract, on or about the twentieth

day of each month, upon proper estimates ren-
crete in foundations, dered on the last day of the preceding month, for

work done and materials furnished during the

preceding month, to the extent of, and not be-
per cubic yard, $6.00. yond per cent of the amount of such

estimates, and such monthly estimates, to be valid,

correction price on stone
must be accompanied by the certificate of the En-

por gineer of the Company approving the same, and
declaring that the work done and the materials

masonry in foundations,
finished, as therein stated are, according to this

contract, and that the charges for the same are
according to this contract ; and without such

per cubic yard, $8.00. certificate, no estimate shall be valid, and no pay-
'. ment can be demanded, and in all questions con-

nected with such estimates and the amount pay-

subject to additions and aD ^e thereby and thereunder, the decisions of the

deductions as hereinbefore Engineer of the said Railway shall be final and

provided, and that such conclusive on all parties ; and the balance thereof,

sum shall be paid by the or the per cent, remaining due on such

Company to the Contractor. estimates, shall not be payable until the whole
On or about the first day work to be done under this contract has been
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of each month, during the

progress of this work, an
estimate shall be made by
the Engineer of the relative

value of the part of the

work done up to such time,

and upon his certificate of

the amount being presented

to the proper official of the

Company, or such disburs-

ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained 15 per cent., and
less previous payments, shall

be paid to the Contractor
on or about the twentieth

day of each month for the

work done in the previous

month at the nearest dis-

bursing point of the Com-
pany to the Contractor's

office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-

ules, all permits, etc., re-

quired by State and Mu-
nicipal Laws and Ordi-
nances; or if at any time
there shall be evidence of

any lien or claim for which,

if established, the Company
might become liable, and
which is chargeable to the

Contractor, the Company
shall have the right to re-

tain out of any payment
then due or thereafter to

become due an amount suffi-

cient to completely indem-
nify the Company against

such lien or claim.

The final payment shall

be made subject to releases,

after the completion of the

work included in this con-
tract. The Contractor shall

furnish to the Company or

Engineer, if deemed neces-

sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of

said Contractor and of sub-

fully completed, but shall be kept back as part

of the security for the performance of this con-

tract on the part of the part. . of the first part.

When the Engineer has furnished his certificate

that all the work embraced in this contract has

been completed agreeably to the specifications,

and in accordance with the directions, and to the

satisfaction and acceptance of the said Engineer,

there shall be a final estimate made of the quality,

character and value of said work, according to

the terms of the Agreement, when the balance

appearing due to the said part.... of the first

part, according to the certificate of the said En-
gineer, shall be paid to within thirty days

thereafter, and upon giving a release, under
seal, to the party of the second part, from all

claims or demands whatsoever, growing in any
manner out of this Agreement, and upon
procuring and delivering to the party of the sec-

ond part, full release in proper form, and duly

executed, from mechanics and material men, of

all liens, claims and demands for materials

furnished and provided, and work and labor done
and performed upon or about the work herein

contracted for under this contract.

It is further understood and agreed that the

party of the second part may, at any time, either

with or without an estimate furnished, pay di-

rectly to the employes and others having claims

and demands against the part. . of the first part,

for work done and materials furnished to the

part... of the first part for the purposes of this

contract, and may at any time require vouchers
for the payments to employes and others having

claims and demands against the part. . of the first

part for work done and materials furnished to

the part. . of the first part for the purposes of

this contract.

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

And the said Railway Company, in consider-

ation of the full and complete performance of

the said works to the entire satisfaction of the

said Chief Engineer for the time being, to be
evidenced by his final certificate showing the

amount due to the said Contractor. ., agrees to

pay therefor to the said Contractor. . the amount
set forth in the certificate of the said Chief En-
gineer, at the prices set forth in the schedule to

the proposal of the said Contractor. ., a copy of

which is annexed and made part of said specifi-

cation hereto annexed, and of this contract, which
certificate shall be binding and conclusive upon
the parties hereto as to the amount and value of

the work specified therein; said payments to be

made at the times and in the manner following:



UNIFORM GENERAL CONTRACT FORMS. 1263

Article VIII.—Continued.

contractors and of all per-

sons furnishing materials

or labor hereinunder who
might have a lien therefor.

Should there prove to be
any such claim after the

final payment is made the

Contractor shall refund to

the Company all moneys
that the latter may be com-
pelled to pay in discharg-
ing any lien or claim on
said premises arising from
work done on property or
material furnished herein-
under, the Contractor to

refund such amounts to the

Company before the bond
covering the work is de-
clared released.

It is further mutually
agreed between the parties

hereto that no estimates
given or payments made
under this contract, except
the final certificate or final

payment, shall be conclusive
evidence of the perform-
ance of this contract, either
wholly or in part, and that
no payment shall be con-
strued to be an acceptance
of defective work or im-
proper materials.

Upon the execution of portions of the work to

the satisfaction of said Chief Engineer for the

time being, per cent, of his monthly esti-

mates of the value of the work performed to

the first day of each month shall be paid on or
about the fifteenth day of the same month ; said

payments to be made at the office of said Railway
Company in Cincinnati, in cash. The balance
shown by the said Chief Engineer's certificate

to be due on this contract, shall be paid at the

office of the Railway Company, in Cincinnati, in

cash, on the completion of the entire work, and
upon the production of the certificate aforesaid,

showing said balance.

CHESAPEAKE & OHIO RAILWAY.
In consideration of the faithful performance of

the covenants and agreements made by the Con-
tractor, the Company hereby covenants and agrees
to pay or cause to be paid to the Contractor or
his personal representative, the rates and prices

hereinafter named, to-wit :

Approximate estimates of the value of the work
done on the basis of the prices named herein will

be made on or about the last day of each month
by the Engineer aforesaid, and the amount of

said estimate, less ten per centum shall be paid

to the Contractor on or about the 25th day of
the next ensuing month, the said reserved per-

centage to be withheld by the Company until the

final completion and acceptance of the work. The
percentage so retained, due as the final estimate,

shall be paid by the Company within sixty days
after the completion of the work, upon the certifi-

cate of the said Engineer that Ihe whole work
provided for in this contract has been acceptably

completed within the time specified.

And the said Contractor agrees that before

final payment shall be made under this agreement,
he will sign and deliver to the Company a valid

release and discharge of any, from any and all

claims and demands whatsoever for all matter
growing out of or connected with this contract.

The said Engineer in preparing the said final

estimate and giving bis final certificate, need not

be bound by the preceding estimates and certifi-

cates, which shall be held to be only approximated
to the final estimates, and the said monthly esti-

mates on unfinished work or material shall in no
case be taken as an acceptance thereof, or a re-

lease of the Contractor from responsibility thereof

until the final estimate is made and the work in

its entirety is accepted as completed under this

contract.

BALTIMORE & OHIO RAILROAD.
It is hereby expressly agreed, that the time

herein stipulated shall be considered of the es-
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Recommended Clause. sence of this agreement. In consideration thereof

ARTICLE VIII It is
t^ie Part ' es OI trie second part, do hereby agree

hereby mutually agreed be-
wi

*J
the said part. .

.
of the first part that the

tween the parties hereto *».d Part ' es of
,

the
?
eco"d Part

,

sha ! and will, for

that the sum to be paid by doinS and performing the work aforesaid in the

the Company to the Con- ma"ner foresaid, well and truly pay or cause

tractor for the work cov- to
J
e Paid to the said Part ;

of .the first

a v. ,r, ,„„ (r„ f cVmii Part executors or administrators,
ered by this contract snail K . , . . , , , . .

, ,. t for the whole work embraced under this agree-
be the sum of . , , . , , . , , .,

&
ment, when completed and accepted by the

Forty-seven Thousand Six OI the parties of the second part, the sum of ....

MINNEAPOLIS & ST. LOUIS RAILROAD.
Hundred and Forty three At the end of each ca len dar month, to cause

measurements and estimates of the value of the

_, ., ,...,,,,„„, work performed during said month to be made.
Dollars ($4 i,o43.00). , ,

F
,. i j • j ,.1 ..1

and, for all work done in accordance with this

contract, to voucher in favor of the Contractor.

correction price on piling. at the rates hereinafter provided, the amount of

For said estimate. Such voucher shall be paid to the

Contractor during the next succeeding month

;

cut off per linear foot, and will be considered as a partial payment on
account ; but shall not be evidence of acceptance

of the work.
40 cents. When the work covered by this agreement is

fully completed to the satisfaction of the Chief
.. „ ,.. „ +im K„,. Engineer of the Railroad Company, and has been

correction price on timber &
; . , . .,„... ^ .- ' ... .

por accepted by him, said Chief Engineer shall make
and furnish to the Contractor, a Final Estimate

in foundations, per M, of all work performed, which estimate shall be

conclusive, and the Railroad Company shall pay

to the Contractor within thirty (30) days after

$30.00. such Final Estimate is made and furnished, the

unpaid balance due under this contract.

It is mutually agreed by the parties hereto,
correction price on con-

ag follows .

The value of the work shall be computed upon

crete in foundations, the following basis

:

QUEEN & CRESCENT ROUTE (N. O. & N. E.

per cubic yard. $6.00. R. R.)
•

And the said Railroad Company, in considera-

correction price on stone tion of the full and complete performance of the

For said works to the entire satisfaction of the said

Resident Engineer for the time being, to be evi-

masonry in foundations, denced by his final certificate showing the amount
due to the said Contractor. ., agree to pay there-

for to the said Contractor. . the amount set

per cubic yard, $8.00. forth in the ceertificate of the said Resident

Engineer, at the prices set forth in the sched-

ule to the proposal of the said Contractor. ..

subject to additions and a copy of which is annexed to and made part of

deductions a<s hereinbefore said specifications hereto annexed, and of this

provided, and that such contract, which certificate shall be binding and
sum shall be paid by the conclusive upon the parties hereto as to the

Company to the Contractor. amount and value of the work specified therein;

On or about the first day said payments to be made at the times and in the



UNIFORM GENERAL CONTRACT FORMS. 1265

Article VIII.—Continued.

of each month, during the

progress of this work, an
estimate shall be made by
the Engineer of the relative

value of the part of the

work done up to such time,

and upon his certificate of

the amount being presented
to the proper official of the

Company, or such disburs-

ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained 15 per cent., and
less previous payments, shall

be paid to the Contractor
on or about the twentieth

day of each month for the

work done in the previous
month at the nearest dis-

bursing point of the Com-
pany to the Contractor's
office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-

ules, all permits, etc., re-

quired by State and Mu-
nicipal Laws and Ordi-
nances ; or if at any time
there shall be evidence of

any lien or claim for which,
if established, the Company
might become liable, and
which is chargeable to the
Contractor, the Company
shall have the right to re-

tain out of any payment
then due or thereafter to

become due an amount suffi-

cient to completely indem-
nify the Company against

such lien or claim.

The final payment shall

be made subject to releases,

after the completion of the

work included in this con-
tract. The Contractor shall

furnish to the Company or

Engineer, if deemed neces-

sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of

said Contractor and of sub-

manner following: Upon the execution of por-

tions of the work to the satisfaction of said Resi-

dent Engineer for the time being .... per cent,

of his monthly estimates of the value of the work
performed to the first day of each month, shall

be paid on or about the fifteenth day of the same
month ; said payments to be made at the office of

said Railroad Company, in in cash. The
balance shown by the said Resident Engineer's
certificate to be due on this contract, shall be
paid at the office of the Railroad Company in

in cash, on the completion of the entire

work, and upon the production of the certificate

aforesaid, showing said balance.

PHILADELPHIA & READING RAILWAY.
And said party of the second part doth

promise and agree to pay the said party of the
first part for the work to be done under this con-
tract, the following prices, to-wit : In case the
work herein contracted for is not completed by
the time named, the part. . of the first part
covenant., and agree., that the price quoted
shall be lessened by ($ ) for each day that
the work remains unfinished beyond the time
named. On or about the last day of each month,
during the progress of this work, an estimate
shall be made of the relative value of the work
done and in place, to be judged of by the Chief
Engineer; and ninety per cent, of the amount of

the said estimate shall be paid to the party of the

first part on or about the fifteenth day of the fol-

lowing month. And when all the work embraced
in this contract is completed, agreeably to the

specifications, and in accordance with the direc-

tions and the satisfaction and acceptance of the

Chief Engineer, there shall be a final estimate

made of the quality, character and value of said

work, according to the terms of this agreement,
when the balance appearing due to the said party

of the first part shall be paid to within
thirty days thereafter, upon giving a re-

lease under seal, to the party of the second part,

from all claims or demands whatsoever growing
in any manner out of this agreement, and upon

procuring and delivering to the parties of

the second part, full releases in proper form and
duly executed, from mechanics and material men,
of all liens, claims and demands for materials
furnished and provided, and work and labor done
and performed upon or about the work herein

contracted for under this contract.

NORFOLK & WESTERN RAILWAY.
And the said party of the second part does

promise and agree to pay the said part. ... of the

first part for work done and materials furnished
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contractors and of all per-

sons furnishing materials

or labor hereinunder who
might have a lien therefor.

Should there prove to be

any such claim after the

final payment is made the

Contractor shall refund to

the Company all moneys
that the latter may be com-

pelled to pay in discharg-

ing any lien or claim on

said premises arising from

work done on property or

material furnished herein-

under, the Contractor to

refund such amounts to the

Company before the bond
covering the work is de-

clared released.

It is further mutually

agreed between the parties

hereto that no estimates

given or payments made
under this contract, except

the final certificate or nnal

payment, shall be conclusive

evidence of the perform-

ance of this contract, either

wholly or in part, and that

no payment shall be con-

strued to be an acceptance

of defective work or im-
proper materials.

under this contract as follows, to wit:

Payment is to be made by the party of the

second part for work done and materials fur-

nished under this contract, on or about the fif-

teenth day of each month, upon proper estimates

rendered on the last day of the preceding month,
for work done and materials furnished during

the preceding month, to the extent of and not be-

yond 85 per cent, of the amount of such esti-

mates, and such monthly estimate to be valid,

must be accompanied by the certificate of the

Engineer of the Company, approving the same,

and declaring that the work done and materials

furnished, as therein stated, are according to this

contract, and that the charges for the same are

according to this contract; and without such
certificate, no estimate shall be valid, and no pay-

ment can be demanded, and in all questions con-

nected with such estimates and the amounts pay-

able thereby and thereunder, the decision of the

said Engineer shall be final and conclusive on all

parties; and the balance thereof, or the 15 per

c^r'. remaining due on such estimates shall not

he payable until the whole work to be done under
this contract has been fully completed, but shall

be kept back as part of the security for the per-

formance of this contract on part of the part. . . .

of the first part.

When the Engineer in charge has furnished
his certificate that all the work embraced in this

contract has been completed agreeably to the

specifications, and in accordance with the direc-

tions, and to the satisfaction and acceptance of

the said Engineer there shall be a final estimate

made of the quality, character and value of said

work, according to the terms of the agreement,
when the balance appearing due to the said part

.... of the first part, according to the certificate

of the said Engineer, shall be paid to .... within
thirty days thereafter, upon .... giving a release,

under seal, to the party of the second part, from
all claims or demands whatsoever, growing in

any manner out of this Agreement, and upon
.... procuring and delivering to the party of the

second part, full release in proper form, and duly

executed, from mechanics and material men, of

all liens, claims and demands for materials fur-

nished and provided, and work and labor done

and performed upon or about the work herein

contracted for under this contract.

It is further understood and agreed that the

party of the second part, may at any time, either

with or without an estimate furnished, pay

directly to the employes and others having

claims and demands against the part.... of the

first part, for work done and materials furnished
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Recommended Clause. to the part.... of the first part for the pur-

ARTICLE VIII. It is
poses of tIlis contract, and may at any time re-

herebv mutually agreed be-
qil

/
re vouch ers for the payments to employes and

tween the parties hereto others having claims and dema.ids against the
that the sum to be paid by part

- v ;

of tllc first Part >
for work done and

the Company to the Con- material furnished to the part.... of the first

tractor for the work cov- part for the purposes of this contract,

ered by this contract shall

be the sum of BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

Forty-seven Thousand Six ti, r-„_,„„. c j • • i • , ,the Company, for and in consideration of the
true and faithful performance of the covenants

Hundred and Forty-three and agreements made by the Contractor
,

hereby covenants and agrees to pay or cause
to be paid to the Contractor...., ex-

Dollars ($47,G43.00). ecutors or administrators, the rates and prices
hereinafter named, to wit :

And the Company agrees to pay the Con-
correction price on piling, tractor.... at the rates aforesaid, monthly, on

01
or about the fifteenth of each month, for all

cut off per linear foot, ^'
ork /one

,

and materials furnished and de-
livered on the work, up to and including the
last day of the preceding month, certified to

40 cents. by the Company's Chief Engineer to be in

accordance with this contract, less ten (10)
per centum of such amount, which percentage

^

correction price on timber shall be withheld by the Company until the final
^ or completion and acceptance of the work, under

. - - .. ,. the terms and agreements of this contract, when
in foundations, per M, ,1 , . • , ;, .', ,,the percentage so retained, together with the

balance due on the final estimate, shall be paid

$30.00. °y trie Comoany upon the certificate of the
Company's Chief Engineer that the whole work
provided for in this contract is completed and

correction price on con- acceptably finished within the time specified.

For And it is understood and agreed that the said
Chief Engineer, in preparing the said final esti-

crete in foundations, mate anci jn giving his final certificate, need not
be bound by the preceding estimates and cer-

.. . .... tificates, but such preceding estimates and cer-'
per cubic yard, ?6.00.

ti ficates shan be held to be only approximative
to the final estimate, and the said monthly esti-'

correction price on stone mates and certificates on unfinished work shall

For in no case be taken as an acceptance of the

work or a release of the Contractor.... from
masonry in foundations, responsibility therefor, until the final estimate

is made and the work in its entirety is accepted

as complete under this contract,
per cubic yard, $8.00. That jn a„ cases of llon .payment by the Con-

tractor.... of any sum or sums of money due

, . , .... , by him to his laborers or other workmen for
subject to additions and

, , . , ,. . •

deductions as hereinbefore
work Performed under this contract the Corn-

provided, and that such Pany - re hereby authorized to pay such laborers

sum shall be paid by the or workmen the amount due and owing to them

Company to the Contractor. by the Contractor ; and if any action at law

On or about the first day or in equity shall be instituted by virtue of any
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of each month, during the

progress of this work, an

estimate shall he made hy

the Engineer of the relative

value of the part of
_
the

work done up to such time,

and upon his certificate of

the amount being presented

to the proper official of the

Company, or such disburs-

ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained 15 per cent., and
less previous payments, shall

be paid to the Contractor

on or about the twentieth

day of each month for the

work done in the previous

month at the nearest dis-

bursing point of the Com-
pany to the Contractor's

office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-

ules, all permits, etc., re-

quired by State and Mu-
nicipal Laws and Ordi-

nances ; or if at any time

there shall be evidence of

any lien or claim for which,

if established, the Company
might become liable, and
which is chargeable to the

Contractor, the Company
shall have the right to re-

tain out of any payment
then due or thereafter to

become due an amount suffi-

cient to completely indem-
nify the Company against

such lien or claim.

The final payment shall

be made subject to releases,

after the completion of the

work included in this con-

tract. The Contractor shall

furnish to the Company or

Engineer, if deemed neces-

sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of

said Contractor and of sub-

law or statute now in force, 01 of any statute
hereafter enacted, for labor and wages on said
work, the Company may pay all damages, wages,
recoveries, costs, expenses and counsel fees aris-

ing therefrom, and deduct the same from any
moneys due or to become due to the Con-
tractor. .. . ; and the Company may, from time to

time, retain such reasonable sums as it may deem
necessary for its protection in this behalf, and
the Contractor.... shall pay the deficiency aris-

ing therefrom upon demand.

PERE MARQUETTE RAILROAD.
The Pere Marquette agrees : To provide

the Contractor with a copy of the said plans,

specifications and drawings, and to designate the

precise location for the structure on the ground
at the place aforesaid

:

To pay to the Contractor for the completed
structure the sum of Dollars, herein-

after called "The Contract Price," subject to

addition or deduction for alterations, as herein-
after set forth, in the manner following:

On or about the .... day of the month fol-

lowing the commencement of work upon the

structure by the Contractor, and monthly
thereafter, a sum equal to .... per cent, of the

estimated value of the work done upon the

structure and the materials used therein, and
the materials delivered to the Pere Marquette
grounds at the place aforesaid, for use in the

structure, during the preceding month, as deter-

mined on or about the last day of each month
by the representative of the Pere Marquette
assigned to the work as aforesaid. Provided,

that nothing herein contained shall relieve the

Contractor of, the obligations imposed by the

Mechanics' Lien Law of the State in which the

structure is to be erected. The balance, less all

proper deductions hereunder, within .... days

after the entire completion and acceptance of

the structure as aforesaid. Provided, that the

Contractor shall first pay all unsatisfied claims,

if any, of material men, laborers, sub-contractors

and others, or shall indemnify the Pere Mar-
quette against loss or expense on account of

such claims and secure the actual payment there-

of, in a manner satisfactory to the Chief En-
gineer of the Pere Marquette.

To pay to the Contractor, in the manner above

set forth, the fair value of additional work and
materials, if any, done and furnished by reason

of alterations made by the Pere Marquette as

hereinafter authorized.

No payment made by the Pere Marquette.

nor any acceptance of the structure, shall be con-

strued as an admission that the work has Ken
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contractors and of all per-

sons furnishing materials

or labor hereinunder who
might have a lien therefor.

Should there prove to be
any such claim after the

final payment is made the

Contractor shall refund to

the Company all moneys
that the latter may be com-
pelled to pay in discharg-
ing any lien or claim on
said premises arising from
work done on property or
material furnished herein-
under, the Contractor to

refund such amounts to the
Company before the bond
covering the work is de-
clared released.

It is further mutually
agreed between the parties
hereto that no estimates
given or payments made
under this contract, except
the final certificate or final

payment, shall be conclusive
evidence of the perform-
ance of this contract, either
wholly or in part, and that
no pavment shall be con-
strued to be an acceptance
of defective work or im-
proper materials.

done in accordance with the plans or specifica-

tions ; nor shall any waiver of one breach of the
contract be held to be a waiver of any other or
subsequent breach.

MICHIGAN CENTRAL RAILROAD.
The party of the first part promises and agrees

to and with the party of the second part that in

consideration of the strict performance of the
covenants and agreements made by the party of

the second part, herein contained, it will pay unto
the said party of the second part the sum of

in the following manner : At the end
of each calendar month, an estimate shall be
made of all work done and material actually put
in and used for the building, and a voucher
covering ninety per cent, of the estimate shall be
made in favor of the Contractor, payable the

twentieth day of the following month. After
the acceptance of the work by the Chief Engineer,
or his representative, a voucher for the final esti-

mate and the amounts withheld from former esti-

mates shall be made, payable twenty days after

such acceptance.

NASHVILLE, CHATTANOOGA & ST.

LOUIS RAILWAY.
The said party of the first part agrees and

binds itself, its successors and assigns, that it

will, in consideration of the performance of all

the terms and conditions of this contract by
the party of the second part, pay to the said

party of the second part, his heirs, or assigns,

the sum of ($....) dollars, lawful

money of the United States, upon the certificate

of its Chief Engineer that the work contem-
plated by this contract is performed, and the

agreements and provisos have been complied
with, and also upon the party of the second part,

furnishing, if required, proper evidence that

there are no Mechanic's Liens upon the work, or

other claims unpaid for which the building could

be liable.

Said payment shall be made in the following

manner

:

Estimates shall be made by the Chief Engineer
of the party of the first part on the first day of

each month during the progress of the work, of

the quantity, character and value of the work
done, having regard to the contract price.

Eighty per cent, of these estimates will be paid

to the party of the second part on or before the

fifteenth day of the month following. Upon thf

satisfactory completion of the whole work ii

accordance with the conditions of this agreement,

the entire amount due the party of the second

part will be paid to him, his heirs or assigns.
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Recommended Clause. MAINE CENTRAL RAILROAD.
ARTICLE VIII. It is The said work shall be begun and carried on

hereby mutually agreed be- at such time and in such manner as is set out

tween the parties hereto in the said specifications, and shall be fully

that the sum to be paid by completed and delivered free from all liens of

the Company to the Con- mechanics and others, ready for use by the said

tractor for the work cov- Railroad within the time mentioned in the said

ered by this contract shall specifications.

be the sum of The said Contractors agree that they will fur-

nish all the materials and do all the work
Forty-seven Thousand Six

ca ]i e(j for by this contract and by the said plans

and specifications for the amount of

Hundred and Forty-three Dollars ($....).
In consideration of the faithful and complete

performance of this contract and of the work
Dollars ($47,043.00). herein called for, the said Railroad will pay

to the said Contractors the said sum of

Dollars ($....), when and as the Chief En-
correction price on piling, gineer of the said Railroad shall in writing

For accept and approve of all the work to be done
. hereunder, and shall certify in writing to the

cut off per linear foot,
compIete performance of this contract.

It being understood, however, that partial pay-

40 cents. ments shall be made on or about the fifteenth

day of each month during the progress of the

work to an amount of eighty-five per cent. (85%)
correction price on timber of the value of the work done and materials fur-

For nished during the preceding month as shown by
estimate of the Chief Engineer of the said Rail-

in foundations, per M, road.

$30.00. MISSOURI PACIFIC RAILWAY.
Said Railway Company hereby covenants,

promises and agrees to and with said Contractor
correction price on con- ,, .

• 1 .• £ ,, r ..ij ,

P . that 111 consideration of the faithful performance
of all and singular the covenants and agree-

crete in foundations, ments herein to be by said Contractor kept and
performed, said Railway Company will pay to

said Contractor Pay-

per cubic yard, $0.00. ment to be made on the estimates of the En-
gineer as hereinafter provided ; but the amount
hereinafter retained as percentage on the work

correction price on stone j s never to be paid to the Contractor, if

For do .... n ot complete the work in the time and
manner agreed upon, unless as hereinafter pro-

masonry in foundations, vided. Estimates shall be made by and under
the direction of the Engineer at the close of

each , of the amount and value, as near
per cubic yard, $8.00.

ag practicable, of work done and material fur-

nished and delivered under this contract, accord-

subject to additions and
in& to the prices named therein; and within

deductions as hereinbefore 7 • da^ s afte
[

tlie rendering of such estimates,

provided and that such the Company shall pay to the Contractor the

sum shall be paid by the amount of such estimates less the previous pay

Company to the Contractor. ments and less per cent. The per

On or about the first day cent, retained from the above estimates shall in
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of each month, during the
progress of this work, an
estimate shall be made by
the Engineer of the relative
value of the part of the
work done up to such time,
and upon his certificate of
the amount being presented
to the proper official of the
Company, or such disburs-
ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained 15 per cent., and
less previous payments, shall

be paid to the Contractor
on or about the twentieth
day of each month for the
work done in the previous
month at the nearest dis-

bursing point of the Com-
pany to the Contractor's
office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-
ules, all permits, etc., re-

quired by State and Mu-
nicipal Laws and Ordi-
nances ; or if at any time
there shall be evidence of
any lien or claim for which,
if established, the Company
might become liable, and
which is chargeable to the
Contractor, the Company
shall have the right to re-

tain out of any payment
then due or thereafter to

become due an amount suffi-

cient to completely indem-
nify the Company against
such lien or claim.

The final payment shall

be made subject to releases,

after the completion of the
work included in this con-
tract. The Contractor shall

furnish to the Company or

Engineer, if deemed neces-

sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of
said Contractor and of sub-

no case be considered due or payable to said
Contractor until the work herein- contracted foi-
ls fully completed in accordance with this agree-
ment, and accepted, and the percentage so re-
tained is subject to be used by the Engineer, in
case of apprehended delay, in hastening the
work to completion, by employing such addi-
tional force of men and purchasing such addi-
tional materials as may be necessary in his
opinion to secure the completion of the work
within the time limited by this contract. Upon
completion of all the work herein contracted
for, in the time and manner agreed upon the
Engineer shall make a final statement of all
the work done, from which shall be deducted
all payments theretofore made on the previous
estimates, and the residue shall be paid by said
Company to said Contractor, upon said Con-
tractor receipting for the same in full upon said
final estimate and rendering clear receipts to the
Railway Company from all sub-contractors and
employes on said work and all persons who have
furnished materials for the same, releasing said
Railway Company from all liability to them in
the premises. Provided, that the payment
shall in no way lessen the responsibility of the
Contractor for the full and final completion of
the entire work; neither shall it exempt the
Contractor from liability at .... own cost and
expense to replace the work, if afterwards dis-
covered to have been done ill or not done accord-
ing to the drawings and specifications of this
contract, either in work done or materials fur-
nished.

The Contractor, at own proper cost and
charges, shall provide all manner of labor, ma-
terials, apparatus, scaffolding, tools
• •. of every description, re-
quired for the due performance of said work.
Said Contractor shall produce, whenever re-
quired so to do by said Engineer, all vouchers
showing the quality and quantity of goods and
materials used, and shall render all necessary
facilities for the proper inspection of the work
and materials. Said Engineer may require the
Contractor to increase the force of men employed
upon said work in such numbers, and the supply
of materials in such amounts, as he may deem
necessary to insure completion of the work with-
in the time limited by this contract, and may re-
quire the Contractor to remove any workman
or workmen whom he may consider incompetent
or improper to be employed upon said work, and
may reject any material furnished for said work,
which in his opinion does not conform to the

specifications of this contract. The Contractc"
shall deliver up the work and the premises in
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contractors and of all per-

sons furnishing materials
or labor hereinunder who
might have a lien therefor.

Should there prove to be
any such claim after the
final payment is made the
Contractor shall refund to
the Company all moneys
that the latter may be com-
pelled to pay in discharg-
ing any lien or claim on
said premises arising from
work done on property or
material furnished herein-
under, the Contractor to

refund such amounts to the
Company before the bond
covering the work is de-
clared released.

It is further mutually
agreed between the parties

hereto that no estimates
given or payments made
under this contract, except
the final certificate or final

payment, shall be conclusive
evidence of the •perform-
ance of this contract, either

wholly or in part, and that
no payment shall be con-
strued to be an acceptance
of defective work or im-
proper materials.

perfect repair, clean and good condition, when
the work has been completed. The Contractor
shall promptly thereafter remove all surplus ma-
terial from the premises of the Railway Com-
pany.

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

That the materials and labor to be furnished
by said Contractor are to be first-class in every
respect, and that on the completion of this work
to the satisfaction and acceptance of the Chief
Engineer of said Railway Company, the Railway
Company will pay said Contractor as follow- :

Payments will be made on or before the 15th
of each month, on the certificate of the Chief
Engineer, for work done to the end of the pre-
vious month, deducting 10 per cent, from the value
of such work to be retained forever by said Rail-

way Company in case of the failure of the Con-
tractor to complete, within the time or manner
specified, the whole amount of work embraced
in this contract ; provided that in all cases the

amount of claims for labor and materials fur-

nished to the Contractor may also be deducted
and retained by the Railway Company and paid

the claimants or held until the expiration of

four (4) months after the completion of the

contract, or until the Contractor furnishes satis-

factory evidence that such claims have been paid

or otherwise settled.

LEHIGH VALLEY RAILROAD.

The Contractor shall be held responsible for

the prompt payment for all labor, supplies and
materials furnished for any of the work em-
braced in this contract, whether such work is

done directly by him or by any sub-contractor

under him. In case the Contractor fails to

pay for such labor, supplies or materials within

a reasonable time after such payments are due.

and the Engineer should consider that the fail-

ure to make such payments is a serious detri-

ment to the Railroad Company and interferes

with the prompt prosecution of the work, then

and in such case the Railroad Company shall

have the right to apply any funds in its hands
due said Contractor to the partial or full pay-
ment of such liabilities, and the amount of such
payments shall be considered and accepted by
the Contractor as a payment on account of this

contract.

Payments will be made as follows, unless
otherwise specially stated herein, viz. : On or
about the first day of each month, during the
progress of this work, an estimate shall be made
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Recommended Clause. by the Engineer of the relative value of the part

ARTICLE VIII It is
°^ ^ie wor^ done up to such time or since ren-

hereby mutually agreed be-
derinS th

c
e Prions monthly estimate, and noon

tween the parties hereto
b,s certificate of the amount being presented

that the sum to be paid by to the Treasurer of the Railroad Company, or

the Company to the Con- such disbursing agent as the Railroad Company

tractor for the work cov-
™ay appoint, the amount of said estimate less a

ered by this contract shall
reta'"ed percentage of fifteen per cent., shal be

be the sum of P Contractor each month at such place

as the said Treasurer or disbursing agent may
Forty-seven Thousand Six designate.

When all the work embraced in this contract

is completed, agreeably to the specifications and
Hundred and Forty-three in accordance with the directions and to the

satisfaction and acceptance of the Engineer of

said Railroad Company, there shall be a final
Dollars ($47,643.00). estimate made of the QUALITY, CHARAC-

TER, QUANTITY and VALUE of said work,
.. . .,. agreeably to the terms of this agreement, when

correction price on piling, ,111 j * 4.1, -a n
por

6 the balance appearing due to the said Con-
tractor shall be paid to him upon his giving to

cut off per linear foot, ^ie said Railroad Company a release under seal

from all claims or demands whatsoever growing
in any manner out of this agreement.

40 cents. The Railroad Company reserves the right to

secure itself from all liability that might arise

from the failure of the Contractor to pay any
correction price on timber and au claims whatsoever for which the said

r
Railroad Company would be legally liable, and

. - , ,. „ the said Railroad Company shall have the right
in foundations, per M, .... ,

F
, , .

6
to pay said claims and deduct the amount from
any monthly or final estimate or estimates, and

$30.00. retain sufficient funds for that purpose until the

said Railroad Company is satisfied that the said

claims are paid,
correction price on con- And in consideration of the Contractor com-

F° r pleting the work provided for in this contract

in every respect in accordance with the plans
crete in foundations, and specifications, and to the satisfaction and

acceptance of the Engineer of the Railroad

per cubic yard, $6.00.
Company, the said Railroad Company hereby
agrees with the said Contractor, that the said

Railroad Company shall and will, for doing and
correction price on stone performing the work aforesaid, in the manner

For aforesaid, well and truly pay, or cause to be
paid to the said Contractor, the executors, ad-

masonry in foundations, ministrators, assigns or successors of said Con-
tractor, as the case may be, the following prices

named and stated in the proposal signed by the
per cubic yard, $8.00. sai(1 Contractor, viz. :

subject to additions and
deductions as hereinbefore
provided, and that such
sum shall be paid by the

Company to the Contractor.
On or about the first day

ERIE RAILROAD.

Upon the express condition precedent of the

full and complete performance of all the terms
and conditions herein contained on the part of

the said Contractors to be kept and performed,
and of the specifications hereto annexed, the
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of each month during the

progress of this work, an
estimate shall be made by
•he Engineer of the relative

value of the part of the

work done up to such time,

and upon his certificate of

the amount being presented
to the proper official of the

Company, or such disburs-

ing agent as the Company
may appoint, the amount
of said estimate, less a re-

tained 15 per cent., and
less previous payments, shall

be paid to the Contractor
on or about the twentieth
day of each month for the

work done in the previous
month at the nearest dis-

bursing point of the Com-
pany to the Contractor's

office.

If demanded by the En-
gineer, said Contractor shall

furnish to said Company
or Engineer receipts,
vouchers, affidavits, sched-
ules, all permits, etc., re-

quired by State and Mu-
nicipal Laws and Ordi-
nances ; or if at any time
there shall be evidence of
any lien or claim for which,
if established, the Company
might become liable, and
which is chargeable to the
Contractor, the Company
shall have the right to re-

tain out of any payment
then due or thereafter to

becom : due an amount suffi-

cient to completely indem-
nify the Company against
such lien or claim.

The final payment shall

be made subject to releases,

after the completion of the
work included in this con-
tract. The Contractor shall

furnish to the Company or
Engineer, if deemed neces-

sary by the Engineer, all

releases or waivers of lien,

claim or right of claim of

said Contractor and of sub-

Railroad Company hereby promises and agrees
to pay said Contractors for all the work com-
pleted and the materials furnished, as afore-

said, at the following prices, and at the time
and in the manner as hereinafter provided, and
all the prices herein mentioned shall be in full

consideration for all work, services, labor and
materials, viz. :

The Railroad Company agrees that during the
performance of the said work, so long as the

terms of this contract shall be complied with
by said Contractors, the Railroad Company
shall make payments to said Contractors on
or about the twentieth day of each month for

the work done during the previous month, such
payments to be made upon the approximate
estimates and certificates of the said Chief En-
gineer, deducting, however, a reservation of ... .

per cent., which shall remain in the hands of the
said Railroad Company as an agreed compen-
sation for damages, to be retained forever by
the Railroad Company in case the whole
amount of the work herein named shall not be
done in accordance with this agreement, it

being, however, expressly understood that it will

be wholly discretionary with the Railroad Com-
pany to make any payments on account of ma-
terials, delivered and not permanently apolied
to the work for which they may be intended.
And whenever this contract shall have been
completely performed on the part of said Con-
tractor in the opinion and to the satisfaction of
the said Chief Engineer, the said Chief Engi-
neer shall, within thirty days thereafter, certify
to the same in writing, and within sixty days
after the presentation of such certificate, signed
by the Chief Engineer, to the President, Vice-
President or Treasurer of the Railroad Com-
pany, the said Railroad Company shall and will

pay to the said Contractors any all remaining
sums due upon said work according to the terms
of this contract ; but the execution of the said
certificates by the said Chief Engineer, and the
proper presentation of the same to the Railroad
Company shall, under all circumstances, be ex-
press conditions precedent to the obligation of
the Railroad Company to pay any sum or sums
of money whatsoever, and no sums shall be due
and payable by the Railroad Company except
upon presentation of such certificates duly
signed by the Chief Engineer, and in such case

only the amounts therein specified shall be due
and payable, and no recovery shall be had or

obtained by said Contractors from said Railroad

Company at law or in equity, in case of any

partial, imperfect or incomplete performance of

this contract on their part, whether the omis-
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contractors and of all per-

sons furnishing materials

or labor hereinunder who
might have a lien therefor.

Should there prove to be

any such claim after the

final payment is made, the

Contractor shall refund to

the Company all moneys
that the latter may be com-
pelled to pay in discharg-

ing any lien, or claim on
said premises arising from
work done on property or

material furnished herein-

under, the Contractor to

refund such amounts to the

Company before the bond
covering the work is de-

clared released.

It is further mutually
agreed between the parties

hereto that no estimates

given or payments made
under this contract, except

the final certificate or final

payment, shall be conclusive

evidence of the perform-
ance of this contract, either

wholly or in part, and that

no payment shall be con-
strued to be an acceptance
of defective work or im-
proper materials.

sions, deviations or imperfections of such per-

formance shall be slight or substantial, or

whether they shall be accidental or wilful, ex-

cept as hereinbefore provided. And the said

Chief Engineer shall not issue final certificates

until he shall be satisfied that all mechanics'

liens and all other claims and demands against

the said work or arising out of the same have
been discharged by the said Contractors.

The said Contractors hereby expressly agree

that all mechanics' liens and other liens, claims,

incumbrances or charges, in case any should
exist, against said work, or any part thereof, or

materials used for the same, shall be fully sat-

isfied and discharged of record before the ex-

piration of the time limited in this contract for

the completion of the said work, and before any
claim or demand is made for final payment
under this contract ; and such satisfaction and
discharge at the time aforesaid shall be an
express condition precedent to the maintenance
or enforcement of any claim or demand at law
or in equity, for final payment under this con-

tract.

PITTSBURG & LAKE ERIE RAILROAD.
And the said Railroad Company promises to

pay the said when the

work provided for in this "contract is completed
in accordance with the attached specifications

and conditions herein set forth, and to the sat-

isfaction of the Chief Engineer of said Railroad
Company, as follows

:

The sum of
For
Payments for said work shall be made in the

following manner: On or about the last day of

each month during the progress of the work
an estimate shall be made by the Chief Engineer
for the party of the first part, of the amount
and value of the work done; and eighty-five

per centum (85%) of the amount of said esti-

mate shall be paid to the party of the second
part on or about the twentieth day of the fol-

lowing month. And when all the work em-
braced in this contract is completed in accord-

ance with the specifications and to the satis-

faction and acceptance of the Chief Engineer of
said first party, and upon a certificate of said

Chief Engineer that said work is so completed,
the balance due to the party of the second part
shall be paid within thirty (30) days thereafter,

upon said second party giving a release under
seal to the party of the first part from all claims

or demands whatsoever growing in any manner
out of this agreement, and upon said second
party delivering to the said first party full re-
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lease, in proper form and duly executed, from
mechanics and material men of all liens, claims
or demands for work done on or about the

work or materials furnished for said work under
this contract.

Recommended Clause.

ARTICLE IX. Wher-
ever in this contract the
term "Contractor" is used
it represents the party of

the first part to this agree-

ment, and the term "Com-
pany" represents the party
of the second part.

Wherever in this contract
the term "Engineer" is used,

it is understood (unless
otherwise specified) to mean
the Chief Engineer of the

Company, or his duly auth-

orized agents, limited by the

particular duties respect-

ively intrusted to them.

CANADIAN PACIFIC RAILWAY.

The Railway Company or its Chief Engineer
shall appoint a representative of the Railway
Company on the work, and such representative,

or any substitute, and any assistant duly ap-

pointed by such representative or substitute

shall, in this agreement and in the specifications,

be referred to as "the Engineer."

PENNSYLVANIA LINES, West of Pittsburgh.

The word Contractor is herein used to desig-

nate the person or persons undertaking work
under these specifications and drawings.
The word company is herein used to designate

the Company employing the Contractor.

The word Engineer signifies the Chief Engi-
neer or the Chief Engineer of Maintenance of

Way of the Pennsylvania Lines, West of Pitts-

burgh, or his assistant or any persons deputed
in charge of the work. The Engineer will give

any interpretation of the specifications required

by the Contractor, and when there is any doubt
upon any point the Chief Engineer's decision

as to the true intent and meaning of the draw-
ings and specifications is to be final and without
appeal.

The Inspectors are those persons delegated

by the Engineer to remain during the hours of

work at certain places and see and know that

the specifications are being complied with.

The Company reserves the right to assign as

many as it deems necessary, and their instruc-

tions must be obeyed.

SEABOARD AIR LINE RAILWAY.

It is further covenanted and agreed, that

whenever the word Engineer has been used in

this contract it relates to and means the Chief

Engineer of the Seaboard Air Line Railway.

NORFOLK & WESTERN RAILWAY.

It is further understood and agreed, that

whenever th; word Engineer has been used in

this contract it relates to and means the Chief

Engineer of the Norfolk & Western Railway
Company.
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Recommended Clause.

ARTICLE IX. Wher-
ever in this contract the
term "Contractor" is used
it represents the party of
the first part to this agree-
ment, and the term "Com-
pany" represents the party

of the second part.

Wherever in this contract

the term "Engineer" is used,

it is understood (unless

otherwise specified) to mean
the Chief Engineer of the

Company, or his duly auth-

orized agents, limited by the

particular duties respect-

ively intrusted to them.

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

That whenever the word Engineer or Chief
Engineer is used hereinbefore it shall be under-
stood to refer to the Chief Engineer of the

Company.

LEHIGH VALLEY RAILROAD.

Whenever in this contract the term "Con-
tractor" is used it represents the party of the

first part to this agreement, and the term "Rail-

road Company" represents the party of the sec-

ond part.

Whenever in this contract the term "Engi-
neer" is used it is understood (unless otherwise
specified) to mean the Chief Engineer of the

Lehigh Valley Railroad Company, or his only
authorized agents, limited by the particular du-
ties respectively intrusted to them.

PITTSBURG & LAKE ERIE RAILROAD.

Whenever the words "Chief Engineer," or
pronouns relating to the same are used in this

contract or specifications herein, it is understood
to mean the Chief Engineer of said Railroad
Company, whose orders, directions or instruc-

tions may be given in person or through such
assistants or inspectors as he may appoint.

Whenever the word "Contractor" or pronoun
relating to the same is used in this contract or
specifications herein, it is understood to mean
the said

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

And the second part.... further agree to
make, execute and deliver to the first part....
bond in the penal sum of with good
and sufficient surety for the faithful perform-
ance of this contract, and for the security of
said first party against all persons performing
labor or furnishing materials, and against all

persons claiming reparation on account of in-

juries received in or upon the work hereinbe-
fore specified, under or by virtue of this con-
tract,

i
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Recommended* Clause.

ARTICLE X The Con-
tractor shall supply the

Company with a good and
sufficient bond acceptable to

the Company to the amount
of 25 per cent, of the con-

tract price, for the faithful

carrying out and comple-

tion of this contract; and
the bond shall remain in

force until ninety days af-

ter the final payment is due.

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY.

This contract to become onerative when the

party of the first part has executed and deliv-

ered to the party of the second part a con-

tractor's bond in the sum of

dollars conditioned for the faithful performance
of this agreement in all particulars, which bond
with the surety thereon shall be subject to the

approval of the party of the second part.

PENNSYLVANIA LINES, West of Pittsburgh.

Contractor will be required to give bond
amounting to one-third of contract price for

the faithful performance of the contract. Bond
will be required to be executed jointly and sev-

erally by two resident property owners, each

worth at least twice the amount of the bond.

Contractor will be party to bond. Bond of

approved surety company will be accepted.

MINNEAPOLIS & ST. LOUIS RAILROAD.

To execute and deliver to the Railroad Com-
pany a bond in the sum of

($ ) Dollars, with sureties satisfactory

to said Railroad Company, conditioned for the

faithful performance of this contract.

CHICAGO, BURLINGTON & QUINCY
RAILROAD.

As a surety to said Railway Company that

said Contractor will faithfully carry out each

ard every the articles and agreements herein

contained, and for the security of said Railway
Company against all persons performing labor

or furnishing materials, and against all persons
claiming reparation on account of injuries re-

ceived in or upon the work hereinbefore speci-

fied, under or by virtue of this contract, said

Contractor hereby agrees to furnish to said Rail-

way Company a bond, with an approved guar-
antee Company as surety, in the penal sum of

LEHIGH VALLEY RAILROAD.
If required by the Engineer before the closing

of this contract, or if called for in the specifi-

cations, the Contractor hereby agrees to furnish,

within ten days after the execution of this con-

tract by the Contractor, a good and sufficient

bond of indemnity, in such amount as may be
determined or specified herein, as security for

the faithful performance by the Contractor of

all the covenants and agreements on the part of

the Contractor contained in this contract. The
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Recommended Clause.

ARTICLE X. The Con-
tractor shall supply the
Company with a good and
sufficient bond acceptable to.

the Company to the amount
of 25 per cent, of the con-

tract price, for the faithful

carrying out and comple-

tion of this contract ; and
the bond shall remain in

force until ninety days af-

ter the final payment is due.

security and such bond of indemnity shall be
a properly organized surety company or indi-

vidual sureties, and the surety and form of bond
shall be such as shall be accepted and approved
by the Railroad Company. Bonds requiring the

Railroad Company to give certain notices to the

surety company or sureties during the progress
of the work will not be accepted by the Railroad
Company.

ERIE RAILROAD.
The said Contractors hereby agree to deliver

to the Chief Engineer of the said Railroad Com-
pany within ten days after the execution of this

contract, a good and sufficient bond, in favor of

said Railroad Company, for the sum of
Dollars, executed by said Contractors, with two
sureties, satisfactory to and in a form approved
by the said Chief Engineer, said bond to be
conditioned upon the prompt and faithful per-

formance of all the terms and conditions herein

contained on the part of said Contractors to be
kept and performed.

Recommended Clause.

ARTICLE XI. The Con-

tractor shall, during the

progress of the w o r k,

maintain full insurance on

said work, in his own name
and in the name of the

Company, against loss or

damage *

by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about ' the premises

covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry

insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

CHICAGO GREAT WESTERN RAILWAY.
Contractor further agrees that he will during

the construction of said work and wherever the

location of the same is traversed by public or

private roads, alleys or streets, keep open and
maintain in safe condition commodious passing
places ; that he will keep up the fences and gates,

if any, where said work is to be done and pro-

tect persons and animals from injury by fall-

ing into excavations or over embankments made
at or near any travelled road or pathway; that

he will not take or deposit any material from or

on any place outside the right-of-way or lands
of the Railway Company without the written

direction and consent of its Chief Engineer or

his assistant. The Contractor further agrees
that no damage shall be done or permitted by
him or by workmen in his employ or any sub-
contractor or any workman in his employ, to

owners or occupants of lands or property ad-
joining or in the vicinity of the work herein
contemplated to be done. All roads for hauling
material and supplies to or from the work to-

gether with all grounds for the deposit of ma-
terial and the erection of shanties, camps, yards
or other structures used in or for the per-

formance of the work and not within the limits

of the Railway Company's lands, shall be pro-
vided at the Contractor's own expense.
The Contractor further agrees that he will

and he does hereby assume all risk of loss and
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Article XL—Continued,

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or

other parties' adjoining

property.

It is further agreed that

the Company shall not in

any manner be answerable

or accountable for any vio-

lation of State or Munici-

pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such

loss or damage or conse-

quences of violation of any

such laws or ordinances.

damage to his property and to the property of

his sub-contractors and his and their employes,

agents and servants, if and while said property

or said persons are engaged upon or about

said work, and he also agrees that he will hold

the Railway Company free and harmless from
all* loss and damage, including costs and ex-

penses arising from or growing out of any
accident or casualty to any person or persons

while such person or persons are engaged upon
or about or are employed in constructing the

work aforesaid, and from all damage, cost and
expense growing out of or arising from any

damage to property or injury to persons which
shall be caused wholly or in part by his negli-

gence or the negligence of his sub-contractors,

or by his or their agents or employes, or by

his or their neglect or failure to observe and
perform any of the promises, requirements or

conditions of this agreement; and if suit shall

be brought against the Railway Company to re-

cover for any aforesaid damage or injury, the

said Contractor agrees to defend such suit at

his own cost and expense and to pay any judg-

ment that may be recovered therein and to

save the Railway Company free and harmless

from any damage or expense caused thereby.

The Contractor agrees to insure all persons

employed upon or in connection with the per-

formance of said work in an Insurance Com-
pany, which shall be first approved in writing

by the Treasurer of the Railway Company, such

employes to be insured in such a manner as

to save and protect the Contractor from any
and all damage or expense by reason of the

death or of injury to any such employe.
The Contractor shall be at the risk of and

bear all loss or damage which may occur until

the work shall be finally completed and ac-

cepted by the Railway Company, and if any
loss or damage shall occur before such final

completion and acceptance the Contractor shall

immediately repair and restore the same at his

own expense.

CENTRAL RAILROAD OF NEW JERSEY.

The Company shall not in any way or man-
ner be liable for any loss or damage that shall

or may happen to said work before accept-

ance of the same; nor for any materials for

use in the said work or tools or' appliances nec-

essary to perform the same ; nor for any per-

sonal injury to an employe or employes of the

Contractor, nor for personal injuries to any per-

son caused by the wrongful act or neglect of

the Contractor, his agents or servants, the

Contractor hereby agreeing to indemnify and
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Recommended Clause.

ARTICLE XL The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in ihe name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry

insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or

other parties' adjoining

property.

It is further agreed that

the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-

pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-

quences of violation of any
such laws or ordinances.

save the Company harmless of, from or because

of any liability referred to in this paragraph.

^PENNSYLVANIA RAILROAD.

And the said party of the first part hath

further covenanted and agreed to take, use,

provide, and make all proper, necessary and
sufficient precautions, safeguards and protec-

tions against the occurrence or happening of

any accidents, injuries, damages or hurt to any
person or property during the progress of the

construction of the work herein contracted for,

and to be responsible for, and to indemnify and
to save harmless the said party of the second
part, and the said Engineer, from ihe payment
of all sums of money by reason of all or any
such accidents, injuries, damages or hurts that

may happen or occur upon or about said work,
and from all fines, penalties, and loss incurred

for or by reason of the violation of any city or

borough ordinance or regulation, or law of the

State while said work is in progress of con-

struction.

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

The Contractor agrees to procure and main-
tain at all times during the progress of the

work herein provided for, in companies satis-

factory to the said Railway Company, indemnity
or liability insurance for the protection of both
parties hereto satisfactory in form and amount
to the Railway Company, and subject to such
limitations in form and amount as may be

prescribed by the Company or Companies writ-

ing such insurance, against all claims, loss,

costs, damages and expenses whatsoever and will

expenses whatever, arising from accidents oc-

curring during the progress of said work and
in connection with said work, causing death or

injuries to any person or persons employed
on said work, or directly or indirectly to any
other person or persons, including the pass-

ing public. And the Contractor agrees that

in default of compliance with the provisions

of this agreement to procure said insurance, it

will indemnify, save and keep harmless the

Railway Company from all such claims, loss,

costs, damages and expenses whatsover and will

defend, at its sole cost, any and all suits or
actions in law or equity which may be brought
against the Railway Company solely or jointly

with the Contractor.

CANADIAN PACIFIC RAILWAY.
The Contractor shall be at the risk of and

shall bear all loss or damage whatsoever and
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Recommended Clause.

ARTICLE XT. The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or

other parties' adjoining
property.

It is further agreed that

the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may he ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-

quences of violation of any
such laws or ordinances.

from whatsoever cause arising which may occur

on the work until the same be fully, and finally

completed, delivered to and accepted by the

Railway Company, and if any loss or damage
occur before such final completion, delivery to

and acceptance by the Railway Company, the

Contractor shall immediately, at his own ex-

pense, repair, restore and re-execute the work
so damaged or which may have been destroyed.

The Contractor and his agents, laborers and
all others in his employ or under his control

shall use due care that no person or property

is injured or any rights infringed in the prose-

cution of said work, and if any damage to any
person or property occurs in or about the said

v. oik or if any right is infringed by any act or

neglect of the Contractor or of his agents,

laborers or other employes, the damages or

compensation therefor shall be paid by the Con-
tractor, and together with any costs or ex-

penses incurred in adjusting the same may be

deducted by the Railway Company from any
moneys due or to become due to the Con-
tractor.

Any damage by fire that may occur to build-

ings or structures during construction must be

made good by the Contractor, who must keep
such structures fully insured until the same
have been completed and accepted by the Rail-

way Company. The operation or occupation

by the Railway Company of a portion of the

work before the completion of the whole is not

to be considered as an acceptance of the same
by the Railway Company.
The premiums for fire insurance provided for

herein shall be divided equally between the par-

ties hereto and the policies are to be in the

names of both parties, the los< being made pay-

able as their interests may appear and the policy

or policies shall be deposited with the Chief
Engineer of the Railway Company.

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY

The Contractor will comply with all laws,

ordinances or other regulations of the proper
authorities which may in any way affect the

work under this contract, and will consider him-
self responsible for damages arising from any

neglect or disregard of said laws, ordinances or

regulations. The party of the first part agrees

to save the party of the second part free

and harmless from all damage, costs and ex-

penses on account of any injury or damage
to persons or property by reason of or growing

out of the construction of said building.
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Recommended Clause.

ARTICLE XL The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or
damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost
and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to
any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any manner be answerable
or accountable for any vio-
lation of State or Munici-
pal Laws or Ordinances as
far as they may be ap-

plicable to the carrying out
of the work. The Con-
tractor shall indemnify the
Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

ILLINOIS CENTRAL RAILROAD.
If any damage shall be done to any land or

property, or to the owner or owners, occupant
or occupants thereof by the Contractor or by
any person or persons in the employ of the
Contractor, or by any sub-contractor, or
by any person or persons in the employ of any
sub-contractor, or through neglect or failure of
the Contractor or Contractor's employes or any
sub-contractor or sub-contractor's employes to
protect properly adjacent property during the
prosecution of the Work, the Assistant Engineer
in charge of the Work may estimate the amount
of such damage and the Railroad Company
shall have the right to pay such estimated dam-
age to the person or persons aggrieved, and
the amount so paid shall be deducted from any
moneys, then or thereafter due the said Con-
tractor for the Work.
The Contractor hereby assumes a!! risk of

loss or damage, however caused, and whether
or not caused by the negligence of agents or
employes of the Railroad Company, to the prop-
erty of the Contractor and to the property of
all sub-contractors employed in and about the
Work, and to the property of the agents and
employes of the Contractor, and of the agents
and employes of sub-contractors; also all risk
of death, loss, injury or damage, however
caused, and whether or not caused by the
negligence of agents or employes of the Railroad
Company, to the Contractor or to sub-contractor,
or to the- agents and employes of the Con-
tractor, or to the agents and employes of sub-
contractors, if and while the said property or
said persons are carried free of charge on or
over any of the lines of the Railroad Company
or any other lines of railroad on account of
this contract, and also if and while such per-
sons or property are connected with the prose-
cution of the Work, although at the time of
injury they may not be actually engaged in the
Work; and the Contractor agrees to" hold the
Railroad Company free and harmless from all

liability, loss, damage, costs and expenses aris-
ing from, or growing out of, any accident or
casualty, however caused, and whether or not
caused by the negligence of agents or employes
of the Railroad Company, to any persons or
their property, either while such persons, or
their property, are being carried free of charge
under the provisions of, or on account of, this

contract, or while such persons are employed
or engaged in constructing the Work, or while
(such persons or property are connected with
jthe prosecution of the Work, although at the
Jtime of injury they may not be actually en-
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Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or
damage l>y fire; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any maimer be answerable
or accountable for any vio-

lation of Stat* or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-

quences of violation of any
such laws or ordinances.

gaged in the Work, and also free and harmless
from all liability, loss, damage, costs and ex-

penses growing out of, or arising from, dam-
age to property, or death or injury to persons
which shall be caused wholly, or in part, by
the negligence of the Contractor, or by the

negligence of agents or employes of the Con-
tractor, or by the negligence of sub-contractors,

or by the negligence of agents or employes of

sub-contractors, or by the neglect or failure of

l lie Contractor or of sub-contractors, or of agents
or employes of the Contractor, or of agents

or employes of sub-contractors, to observe- or

perform any of the promises, requirements or

terms of this contract: and if suit shall be
brought against the Railroad Company to re-

cover for any liability, death, loss, damage or
injury as aforesaid, the Contractor agrees to

defend such suit without cost to the Railroad
Company, and to pay any judgment that may
be recovered therein, and to save the Railroad
Company free and harmless from any loss,

costs, attorneys' fees, damage or expense thereby.

The promises in this article contained shall be
for the benefit of all railroad companies owning
or operating any lines of railroad over winch
free transportation is provided for by, or is

allowed on account of, this contract, and the

lessors, licensees, successors and assigns of such
railroad companies, and any railroad company
incurring liability, loss, damage or injury, for

or by reason or in the course of such free

transportation, shall lie likewise, and to the

same extent, by the Contractor held free and
harmless and defended, and shall be entitled

to enforce the provisions of this article in

such railroad company's own name and for its

own benefit, as if a party to this contract, or in

any lawful manner.

PENNSYLVANIA LINES, West of Pittsburgh.

Each Contractor must maintain all requisite

lights, guards, temporary sidewalks and fences

for the protection of his work and the safety

of the premises, subject to the order of the

Engineer.
The work is entirely at the Contractor's risk

until the same is approved and accepted, and
he will be liable for its safety: and in case of
accident, causing injury to person or property,

the Contractor binds himself to obtain acquit-

tance from, or make payment in full to, party

so injured or damaged (whether such person
be a servant, fellow Contractor, a servant of a

fellow Contractor, or a stranger), the amount
of damages to which he or she be legally en-

titled, by reason, or on account of, any personal
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Recommended Clause.

ARTICLE XL The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or
damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and jn case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost
and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

injury received through or by reason of any
act or omission of the Contractor, or any agent
or employe of his, during the performance of
(he work hereby contracted to be done, and
for which injury the Company might by law
be held liable to answer in damages. And the
Contractor hereby binds himself to truly defend,
indemnify and forever save harmless the Com-
pany against any and all claim or claims for

damages which shall be set up by reason of

any such injury or damage sustained as afore-
said, including the cost of suit and reasonable
attorneys' fee by the Company expended in

necessarily and unavoidably defending against
any such claim or claims. All royalties for pat-

ents or any infringement thereof that may be
involved in the work contracted for, or in the
use thereof, shall be included in the contract
amount, if ascertained, and the Contractor shall

satisfy all demands that may be made at any
time for such, and be liable for any damages
or infringement thereof.

The Contractor must keep the work and
material involved in this contract fully insured
at all times, in favor of the Company, against
loss by fire, with a responsible fire insurance
company, and before any estimate is paid to

him, he must satisfy the Engineer that all work
already done is so insured, to at least the
amount of all the estimates issued up to the
date and to be issued at that date.

OREGON SHORT LINE RAILROAD.
The said second party hereby agrees to waive

any damages that may result from accident to

stock, materials or tools which are transported
over the Railroad of the party of the first part

at free or reduced rates, which have been used
or are intended to be used in connection with
the work under this contract.

In conducting the work adjacent to the op-
erated line of the railroad of the party of the

first part, the party of the second part hereby
agrees to keep the track at all times clear and
in safe condition for the passage of trains, and
the party of the first part or its employes shall

not be required to look out for or protect any
teams, stock, material or other property used
or laborers working on or , along its tracks
under this contract, and in case of accident the
party of the second part hereby agrees to save
the party of the first part harmless from all

damages which may result therefrom.
The parly of the second part agrees to pro-

le rl his work from injury and make good, at

his own expense, any loss or damage to the

same until the entire work is completed and
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Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or
damage by fire ; the policy
shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost
and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that maj
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

finally accepted as complete by the Resident
Engineer of the party of the first part.

Said party of the second part also agrees to

insure the building -covered by this contract

against damage by fire from time to time as

the work upon the same proceeds for such
amount as the party of the first part may di-

rect, and such insurance shall continue in force

until the building is accepted as complete ; and
the policy for such insurance shall be made
payable to the party of the first part and placed

in its possession.

SEABOARD AIR LINE RAILWAY.

The said part., of the first part ha., fur-

ther covenanted and agreed to take, use and
provide all proper, necessary and sufficient pre-

cautions, safeguards and protection against the

occurrence or happening of any accidents, in-

juries, damages or hurts or delays to any person

or property during the progress of the con-

struction of the work herein contracted for,

and to be responsible for and to indemnify and
save harmless the said part" of the second part,

and the said Engineer, for the payment of sums
of money by reason of all or any accident,

injuries, damage or hurts or delays that may
happen or occur upon or about said work and
from all fines, penalties and loss incurred for

and by reason of the violation of any city or

borough ordinance, or regulation or the law
of the State, or the United States, including

all claims, litigation, expenses, damages, losses

or liability while the said work is in progress
of construction until the same is completed
and accepted.

The said Contractor., ha. . further covenanted
and agreed to protect and save harmless the

Railway from any and all claims arising out

of the use of patented articles and devices.

If, in the performance of this contract, or any
part thereof, the party of the second part shall

be or become subject to any claims, litigation,

expenses, or damages, losses or liability by rea-

son of any act or default or negligence of the

part. . of the first part, or any of . . Agents
or employes, then the party of the second part

shall have the right, by way of set off or

defalcation, at any time or times, to withhold
and retain such sums of money-current and
other estimates and all payments, which may
or might otherwise be or become payable by
the party of the second part, hereunder, to the

part., of the first pari, whether growing out

of the same or another piece of work, con-

struction, or transaction hereunder, as may, in

the opinion of the party of the second part, be
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Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the

progress of the w o r k.

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire: the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost
and expense and pay anj
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out
of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

necessary to reimburse or indemnify the parly
of the second part against all such claims, litiga-

tion, expenses, damages, losses or liability,

whether the same shall or shall not have been
definitely liquidated or ascertained, or shall or
shall not be in dispute or litigation, and to

apply the sums of money so retained, or so

much thereof as may be ultimately found neces-
sary to reimburse and indemnify the party of

the second part.

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

Said Railway Company shall not be liable for

any damage or injury to persons or property
done by the said Contractor. . or any person
in employ, and said Contractor., shall

indemnify and hold harmless said Railway Com-
pany against claims arising out of any such
damage or injury: nor shall said Railway Com-
pany be responsible for any delay or interrup-

tion of said work caused by legal proceedings
or actions of State or Municipal authority.

CHESAPEAKE & OHIO RAILWAY.

The Contractor shall protect his work from
injury and make good, at his own expense, any
loss or damage to the same, until the entire

work is finally accepted by the said Engineer.
The said Contractor shall insure the buildings

against damage by fire, from time to time as

the work on the same proceeds for such
amounts as the said Engineer may direct, and
the said insurance shall continue in force until

the buildings are completed. Said insurance
policy shall be. made payable to the said parties

hereto as their interests may appear and de-
livered to the said Company for safekeeping.

MINNEAPOLIS & ST. LOUIS RAILWAY.

To save and protect the Railroad Company
from any and all loss, cost, expense or damage
in the following cases

:

(a) Damages resulting from injuries sus-

tained by the Contractor, his agents or employes,
from any cause, while engaged in the per-

formance of the work herein contracted for, or

in going to or from the same, except upon
trains of the Railroad Company.

(b) Damages resulting directly or indirectly

from the carelessness or negligence of the Con-
tractor, or his agents or employes, while en-

gaged in the performance of the said work.
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Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or
damage by fire ; the policy
shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to
the parties hereto as their
interests may appear. The
Contractor shall also carry
insurance upon his em
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost
and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to
any individual, or for any
damage to the Company or
o t h e r parties' adjoining
property.

It is further agreed that

the Company shall not in

any manner be answerable
or accountable for any vio-
lation of State or Munici-
pal Laws or Ordinances as
far as they may be ap-
plicable to the carrying out
of the work. The Con-
tractor shall indemnify the
Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

QUEEN & CRESCENT ROUTE (N. O. &
N. E. R. R.)

Said Railroad Company shall not be liable

for any damage or injury to persons or prop-
erty done by said Contractor. . or any person
in .... employ, and said Contractor., shall

indemnify and hold harmless said Railroad Com-
pany against claims arising out of any such
damage or injury.

PHILADELPHIA & READING RAILWAY.

The said part. . of the first part have further

covenanted and agreed to take, use, provide,
and make all proper, necessary and sufficient

precautions, safeguards and protection against

the occurrence or happening of any accidents.

injuries, damages or hurt to any person or
property during the progress of the construc-
tion of the work herein contracted for, and to

be responsible for the same; to indemnify and
save harmless the said party of the second
part, and the said Engineer, from all claims
and suits, for the payment of sums of money
or damages by reason of all or any such acci-

dents, injuries, damages or hurt that may happen
or occur upon or about said work, and from
all fines, penalties and loss incurred for and
by reason of the violation of any City or Bor-
ough ordinance or regulation, or Law of the

State, while the said work is in progress of
construction.

NORFOLK & WESTERN RAILWAY.

The said part., of the first part ha., further

covenanted and agreed to take, use, provide,

and make all proper, necessary and sufficient

precautions, safeguards, and protection against
the occurrence or happening of any accidents,

injuries, damages, or hurt or- delays to any
person or property during the progress of the

construction of the work herein contracted for.

and to be responsible for and to indemnify and
save harmless the said party of the second part,

and the said Engineer, for the payment of sums
of money by reason of all or any such acci-

dents, injuries, damages, or hurts or delays
that may happen or occur upon or about said

work, and from all fines, penalties and loss

incurred for and by reason of the violation of

any city or borough ordinance, or regulation,

or law of the State, or the Lmited States, in-

cluding all claims, litigation, expenses, damages,
losses or liability while the said work is in

progress of construction.
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Recommended Clause.

ARTICLE XL The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable tc

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost
and expense and pay any
judgment that may be re-

covered therein.

lhe Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to
any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-
plicable to the carrying out
of the work. The Con-
tractor shall indemnify the
Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

That in all operations connected with the
work embraced in this contract, the Con-
tractor. . shall be responsible for any failure
to respect, adhere to, and comply with all

local ordinances and laws controlling or limit-

ing in any way the actions of those engaged
upon the work, or affecting the materials, or
the transportation or deposition of them. And
the Contractor. . hereby assumes all liability

for, and agrees to indemnify the Company
against all loss, cost or damages for, or by
reason of, any liens, claims or demands for
materials, or from laborers, mechanics and
others, and from damages arising from injuries
sustained by mechanics, laborers, or other per-
sons, by reason of accidents or otherwise, or
from damages sustained by depositing materials
to public injury, or of any person or corpora-
tion, including costs and expenses of defense,
provided that he be duly notified of the bringing
of suits in such cases, and be permitted to
defend the same, by his own counsel, if he
should elect. And the Company reserves the
right to

_
secure itself from all liability that

might arise from the failure of the Contractor. .

to pay any and all claims whatsoever for which
the said Company would be legally liable, and
the said Company shall have the right to retain
sufficient funds "from the sums due the Con-
tractor. . to cover the Company's liability as
aforesaid until the Company is satisfied that
the said claims are paid.

That where the work is being carried on in

close proximity to the finished road or tracks
in use by this Company, or tracks of any other
road, the Contractor. . must at all times keep
the work in such condition as not to interfere
with the passage of trains; the Contractor.,
will be held responsible for any delays or dam-
age done to the existing railroad tracks or
structures, and must settle such damages before
the final estimate is paid.

The Contractor. . to provide the necessary
watchmen or lights, if instructed to do so by
the engineer in charge, at his own expense
and cost, for all structures under his charge,
and to obey the local laws of the district in

protecting the public against all injuries or
damage upon land or water, until the work is

finally accepted by the Chief Engineer.

PERE MARQUETTE RAILROAD.
The Contractor shall, before the first pay-

ment shall be made hereunder by the Pere
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Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the
progress of the work,
maintain full insurance on
said work, in his own name
and in the name of the

company, against loss or
damage by fire ; the policy
shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to
the parties hereto as their
interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-
dent and suit occurring on
same, he is to defend the
suit in person and relieve
the Company from all cost
and expense and pay any
judgment that may be re-
covered therein.

J he Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to
any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

tar as they may be ap-

plicable to the carrying out
of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
Mich laws or ordin.n

Marquette, take out "Builders' insurance"' in

some reliable company, or companies, in a suit-

able amount to be approved by the Chief Engi-

neer of the Pere Marquette, insuring against

damage to or loss of the structure by fire;

the loss, if any, to be payable to the Pere Mar-
quette for the use and benefit of both parties

hereto as their interests may appear, 'i he policy

or policies shall be delivered to the said Chief

Engineer and kept in force at the expense of

the Contractor until the completion of the struc-

ture. All moneys received under any such poli-

cies shall be applied to the rebuilding or repair

of the structure. If the Contractor does not

procure such insurance, the Pere Marquette may
procure the same and deduct the amount ofthe
premiums from any moneys payable to the Con-
tractor.

The Contractor shall comply with all state laws

and municipal ordinances applicable to the erec-

tion of the structure and the conduct of the

work, including the procuring of all necessary

permits, and shall provide proper and sufficient

rules and safeguards against all kinds of mis-
hap, accidents, injuries, and damage to the Con-
tractors' employes and to other persons and to

property, during the progress of the work and
until the final completion thereof, and shall save

the Pere Marquette harmless from all claims of

any employe of the Contractor based on injury

to person or property, from whatever cause,

received while on or about the premises of the

Pere Marquette in connection with the work-

hereby undertaken by the Contractor.

From the commencement of the work to its

completion, the structure and all materials in-

tended for use therein shall be under the Con-
tractor's care; and during that time the Con-
tractor assumes all risk of damage thereto or
loss thereof, due tc floods, storm, lightning, fire,

trespassers or other cause, and agrees to re-

build, repair and make good all such damage
cr loss, without extra charge promptly after the

same occurs, and to save the Pere Marquette
harmless therefrom.

The Contractor assumes all risk of damage.
1' ss or injury to tools, implements, machinery,
material and employes, from whatever cause,

while being transported hereunder by the Pere
Marquette without charge; and shall save the

Pere Marquette harmless on account of any and
all claims, by whomsoever made, based on such

damage, loss or injury; and this agreement shall

prevail over any hill of lading, ticket or other

writing, at any time issued by the Pere Mar-
quette in connection with such transnortat.

The Contractor assumes all risk of damage
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Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the

progress of the w o r k.

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that

the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

by fire, from whatever cause, to the tools, im-
plements, machinery or other material owned by
the Contractor or in his possession while the
same shall be on or near the premises of the
Fere Marquette in connection with the work un-
dertaken by the Contractor, and shall save the
Fere Marquette harmless from all claims on ac-

count of such damage.

MICHIGAN CENTRAL RAILROAD.
It is further agreed between the parties: That

the party of the second part alone shall assume
all risk of damage by fire, storm or other ac-

cident, which may destroy or injure the said

building, before the acceptance by the said Rail-

road Company.
That the Contractor alone shall be responsible

for any injury sustained by any person, caused
in any way, during the construction of the build-

ing.

That the party of the second part shall pro-
tect and save harmless said party of the first

part against any and all liens for labor per-

formed and materials furnished in the construc-
tion of said building, whether claims for or on
account of such liens shall he made before or
after the time of final payment.

NASHVILLE, CHATTANOOGA & ST. LOUIS
RAILWAY.

The party of the second part, his heirs or
assigns, assumes the risk of any accident or
damage that may occur to his work or material,
or to persons or property about the work pend-
ing its completion, and agrees and binds himself,
his heirs and assigns, to indemnify and keep in-

demnified and hold harmless the said party of
the first part against all damages, costs, claims,
actions or demands of whatever kind or nature,
which it may at any time sustain, suffer or be
subject or liable to under and by reason of the
execution of this contract, and the building or
erection of the work contracted to be done.
The party of the third part, their heirs and

assigns, as sureties, guarantee the faithful per-

formance of all the stipulations of this contract,
especially those contained in Section 10 hereof,
by the party of the second part, his heirs or
assigns, as a condition precedent to its execu-
tion

; and further agree and bind themselves,
their heirs and assigns, to hold the said party
of the first part harmless against all damages,
costs, claims, actions or demands whatever
which it may at any time sustain, suffer or be
subjected or liable to under and by reason of
the execution of this contract, or the erection
or execution of the work hereby contracted to
be done.
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Recommended Clause.

ARTICLE XL The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry

insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for an}

damage to the Company >>r

other parties' adjoining
property.

It is further agreed that

the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

MAINE CENTRAL RAILROAD.

From the beginning to the completion of the

work on the part of the said Contractors called

for by this contract, the said Contractors are

to be responsible for, and are to make good all

injuries, changes and repairs occasioned and ren-

dered necessary by causes over which the said

Contractors shall have control.

The said Contractors shall hold the said Rail-

road harmless from any claim for injuries to

persons or for damages to property happening
from any neglect, default, want of proper care

or misconduct, on the part of the said Con-
tractors or any of their employes.
The said Contractors shall conform in all re-

spects to the by-laws and ordinances of the

relating or applicable to the work set forth in

this contract, and shall indemmfv and hold
harmless the said Railroad from any and all

loss, damage or penalty suffered or incurred by
reason of any non-observation of or non-com-
pliance with such laws, ordinances or regula-

tions.

MISSOURI PACIFIC RAILWAY.
The Railway Company shall not be liable for

any loss or damage which may happen to said

work, or any part thereof, from any cause what-
ever, or for loss or damage of any of the mate-
rials, tools, implements, or other things used
in doing said work, or for the death of or injury

to any persons upon or about the said work,
whether persons employed upon said work or

other persons, or for damages to adjoining prop-

erty.

Said Contractor. . agree. . to defend and save

harmless the Railway Company from any and
all liabilities as aforesaid, and shall indemnify
said Railway Company against all los^ and dam-
ages as aforesaid, and shall and will pay any
and all lawful claims and demands for damages
as aforesaid, or judgments which may be ren-

dered against said Railway Company in suits

for damages on any and all such accounts, to-

gether with all costs, attorneys' fees and other
expenses incurred in the defense of such suits.

CHICAGO, BURLINGTON & QUINCY
R \I1AVAV.

It is also agreed anil understood that the said

Railway Company shall keep said building

all times fully insured against loss by tire, for

the benefit of whom it may concern, and in the

ease of loss by fire, the indemnity shall be di-

vided between the parties hereto according to

their respective interests in the property de-
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Recommended Clause.

ARTICLE XL The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the
suit in person and relieve

the Company from all cost
and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or
for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that
the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out
of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

stroyed. The said Contractor shall be solely

responsible for all loss, failure or damage, for

whatever cause to the said works, loss by fire

alone excepted, until the whole is delivered and
accepted by the Railway Company, and shall be
solely responsible for all damage or injury done
to property by his workmen, or through the

operations of said Contractor, and also for all

personal injuries sustained by anyone during the

progress of said work occasioned by the neg-
ligence of said Contractor, his agents or em-
ployes; and said Contractor hereby covenants
and agrees to indemnify and save said Railway
Company harmless and free from all liability,

claims or demands for or on account of all such
liability.

But it is agreed and understood that the de-
struction of the work herein mentioned during
the progress of its construction, shall not ab-

solve the Contractor from obligation to

construct and complete the same.

LEHIGH VALLEY RAILROAD.
The work embraced in this contract is in

charge of and at the risk of the Contractor, and
the Railroad Company is in no way liable for

its destruction or any damage it may sustain

until it shall have been completed and accepted
by the Engineer.
The Contractor to assume all risks connected

with the work and to be responsible for and
bear all loss and settle all claims due to acci-

dents or other causes, not within the control
of the Railroad Company, during the progress
of the work until all the work under this con-
tract shall have been completed and accepted
by the Engineer.
The Contractor will be held responsible for

any delays to trains or damages done to exist-

ing tracks or structures, injuries to employes
while in service and travelers on the trains

of the Railroad Company, or those of any other
railroad whose tracks may be adjoining to or
be crossed by any part of the work covered by
this contract. The Contractor must settle any
claims arising under this contract before the
final estimate is paid.

The Contractor shall be responsible for and
provide, at his own expense, watchmen and
lights, or other proper, necessary and sufficient

precautions and safeguards to prevent any acci-

dents or injuries to any person or persons what-
soever or damages to property during the prose-

cution of the work herein contracted for so

as to guard the work and protect trains at all

times, if necessary; and, further, to observe all

laws relating to the protection of the public and
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Recommended Clause.

ARTICLE XI. The Con-

tractor .shall, during the

progress of the work,
maintain full insurance on

said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises

covered by this contract, and

shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry

insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any

loss or damage that may
happen to said work or to

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or

other parties' adjoining

property.

It is further agreed that

the Company shall not in

any manner be answerable

or accountable for any vio-

lation of State or Munici-

pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such

loss or damage or conse-

quences of violation of any
such laws or ordinances.

individuals against all injury and damage upon
land or water, until all the work is completed
and accepted by the Engineer,

The Contractor shall be responsible to other
Contractors working in the neighborhood for any
damage which he or any of his employes may-

cause to the work furnished by or to property
of such other Contractors. The Contractor
shall assume all blame or loss by reason of neg-
lect of Government, State, District, City or Lo-
cal Laws, or rules and regulations of the proper
municipal or other authorities, encroachments
upon and damage done to neighboring property,

damage done to the property or rolling equip-

ment of the Railroad Company, or freight carried
in cars by the Railroad Company or by any
ether railroad, injury to sidewalks, curbs,

streets, and the unwarranted blocking or in-

terference by him with the travel upon or the

use of streets or the shipping rights and water
privileges in the vicinity.

If the Contractor undertakes to float mate-
rials, he does so at his own risk, and, further, it

is understood that the Contractor assumes all

risk and losses to floating craft employed by
him in the conduct of the work.
The Contractor shall indemnify and save harm-

less the Railroad Company from and against
all claims, demands, payments, suits, actions,

damages, recoveries and judgments of every
name and description brought or recovered
against it, or losses and expense it may incur,

for, or on account of the death of or any
injuries or damages received or sustained by
any person or persons, or on account of the

death or injury to the person or damage to

property of the Contractor or of any of the

agents, servants or employes of the Contractor,

or of the Railroad Company engaged in or about
the work embraced in this contract, or on ac-

count of damage to property of the Railroad

Company, by reason of any act of the said Con-
tractor, his agents or servants, in the perform-
ance of the work embraced in this contract,

or by or in consequence of any neglect or care-

lessness of the said Contractor, his agents, serv-

ants or employes in guarding the said work

;

and so much of the moneys due or to become
due to said Contractor, under this agreement,

as shall or may be considered necessary by the

Engineer, shall or may be retained by the Rail-

road Company-, until every and all such claims,

demands, damages, losses, expenses, suits, ac-

tions, recoveries and judgments shall have been

paid, settled and discharged, and evidence to that

effect furnished to the satisfaction of the Engi-

neer.



UNIFORM GENERAL CONTRACT FORMS. 1295

Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable to

the parties hereto as their

interests may appear. The
Contractor shall also carry

insurance upon his em-
ployes, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered herein.
The Contractor assumes

all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or
other parties' adjoining
property.

It is further agreed that

the Company shall not in

any manner be answerable
or accountable for any vio-

lation of State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-
quences of violation of any
such laws or ordinances.

The Contractor hereby covenants and agrees
to indemnify and save harmless the Railroad
Company of and from all loss, damage, claims,

suits, recoveries or judgments, which may arise

or may be made, had, brought, 'or recovered by
reason of or on account of any of the material,

tools, implements, machinery, fixtures, or any-

thing used in or about the work to be performed
under the contract, being infringements of, or

being claimed to be infringements of, Letters

Patent issued by the United States or any for-

eign country. The Engineer shall have the right

to withhold the final estimate or payments on
account of this contract until the Contractor,

if demanded by the Engineer, shall have fur-

nished to the Engineer receipts, agreements or

evidence, satisfactory to the Engineer, that all

such claims under patents have been satisfied

by the Contractor and that there are no claims

or demands outstanding for which the Railroad
Company might be liable.

If required by the Engineer before the closing

of this contract, or if called for in the specifi-

cations, the Contractor shall during the progress

of the work take out and maintain, at his own
expense, policies of fire insurance, in his own
name and in the name of the Railroad Company,
on all work furnished under this contract, in-

cluding materials delivered for the work, the

amount of insurance carried to be sufficient at

all times to cover the Railroad Company for

any payments made on account of this contract,

the loss under the policies to be made payable

to the Railroad Company. The insurance shall

be in companies satisfactory to the Railroad
Company, and the policies delivered to the Rail-

road Company immediately after the insurance,

from time to time, shall be effected.

ERIE RAILROAD.

The work shall be conducted entirely at the

risk of said Contractors, who hereby agree to

release, protect, defend and save harmless the

said Railroad Company from and against any
and all claims, suits and demands whatsoever,
arising from or growing out of or connected
with the construction of said work, by reason

of any cause whatsoever and especially -by rea-

son of any loss of life or injury to persons
or property of said Contractors, or of any per-

son in their employment in any capacity what-
soever, or of any other person or persons what-
soever, whether the same shall be occasioned

by the operation of the railroad of the Railroad

Company, or by the acts of its agents or serv-

ants, or by reason of its or their negligence,

or otherwise; and should any claims be made
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Recommended Clause.

ARTICLE XI. The Con-
tractor shall, during the

progress of the w o r k,

maintain full insurance on
said work, in his own name
and in the name of the

Company, against loss or

damage by fire ; the policy

shall cover all the work in-

corporated in the building,

and all materials for same
in or about the premises
covered by this contract, and
shall be made payable t<>

the parties hereto as their

interests may appear. The
Contractor shall also carry
insurance upon his em-
ployes,, and in case of acci-

dent and suit occurring on
same, he is to defend the

suit in person and relieve

the Company from all cost

and expense and pay any
judgment that may be re-

covered therein.

The Contractor assumes
all responsibility for any
loss or damage that may
happen to said work or to

the materials therefor, or

for any injury to the work-
men or to the public or to

any individual, or for any
damage to the Company or

other parties' adjoining

property.

It is further agreed that

the Company shall not in

any manner be answerable
or accountable for any vio-

lation 01 State or Munici-
pal Laws or Ordinances as

far as they may be ap-

plicable to the carrying out

of the work. The Con-
tractor shall indemnify the

Company against any such
loss or damage or conse-

quences of violation of any
such laws or ordinances.

for actions brought against the said Railroad

Company by reason of any such loss of life or

injury to person or property, or for any other

cause, as above set forth, the said Contractors
hereby agree to discharge all such claims, and
to defend all such actions, assuming all costs

and other expenses thereof, and the said Con-
tractors hereby agree to indemnify the Railroad
Company against all liability for the same.
The said Contractors shall keep the completed

work fully insured against loss by fire, for such
amounts as shall be determined, from time to

time by the said Chief Engineer, and until the

said Railroad Company, or the person or persons
designated by it, shall be placed in full posses-

sion of said work, and shall commence to op-

erate the same; such insurance policies to be

made payable, in case of loss, to either party

to this agreement, as their interests shall ap-

pear, and all such policies shall be placed in

the custody of the said Chief Engineer.

PITTSBURG & LAKE ERIE RAILROAD.
Without extra charge the Contractor shall

and does hereby assume all risks of material

and persons, of whatever kind or nature, dur-

ing the transportation of said material and per-

sons and during the erection of said material,

until the work under this contract has been com-
pleted and accepted by the Chief Engineer of

said Company. The said Railroad Company re-

serves to itself the right to secure itself from
all liabilities that might arise from the failure

of the Contractor to pay any and all claims

whatever for which the said Railroad Company
would be legally liable, or for which there might
be a claim or lien against the structure or por-

tion thereof.

The said Railroad Company shall have the right

to pay said claims and deduct the same from
the amount due the Contractor for material

furnished or work done on the building.

It is hereby agreed that the Contractor will

secure policies of Insurance against loss by fire.

in an acceptable Company, which policies shall

be made payable to the owner in case of losSj to

secure advance payments on the contract.
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Recommended Clause.

ARTICLE XII. The said

parties for themselves, their

heirs, executors, administra-

tors, assigns and successors

do hereby agree to the full

performance of the cove-
nants herein contained.

IN WITNESS WHERE-
OF, the parties to these

presents have hereunto set

their hands and seals, the

day and year first abov£
written.

Signed, sealed and deliv-

ered in the presence of

John Smith.

Albert Spence.

A. B. & C. R. R. Co.

The

By
Robert Burns,

General Manager.
(SEAL)

John Doe & Co.

By
John Doe,

President.

(SEAL)

CHICAGO GREAT WESTERN RAILWAY.
None of the provisions of this contract shall

be held to be waived by the Railway Company
by reason of any act whatsoever, or in any
manner other than by an express written waiver
thereof signed by said Chief Engineer or the

General Manager of the Railway Company

IN WITNESS WHEREOF the names of the

parties hereto have been hereunto set the day
and year first above written. Form Approved.

General
Approved for Execution,

Attorney.

Chief Engineer.

CENTRAL RAILROAD OF NEW JERSEY.

This agreement shall bind and enure to the

benefit of the personal representatives and suc-

cessors of the parties hereto.

IN WITNESS WHEREOF, the parties here-

to have caused this agreement to be properly

executed, the day and year first above written.

PENNSYLVANIA RAILROAD.
IN WITNESS WHEREOF, the parties herein

named have hereunto set their hands and seals,

the day and year herein first above named.

WITNESS:

CHICAGO, ROCK ISLAND & PACIFIC
RAILWAY.

All the covenants, conditions and terms of

this agreement shall extend to and be binding

upon the respective successors and assigns of

both parties hereto.

IN WITNESS WHEREOF, the parties here-

to have caused these pre&ents to be signed by
their proper officers and their seals to be affixed

hereunto and attested by their Secretaries the

day and year first above written.

By.
President.

Attest

:

Secretary.
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Recommended Clause.

ARTICLE XII. The said

parties for themselves, their

heirs, executors, administra-

tors, assigns and successors

do hereby agree to the full

performance of the cove-

nants herein contained.

IN WITNESS WHERE-
OF, the parties to these

presents have hereunto set

their hands and seals, the

day and year first above

written.

Signed, sealed and deliv-

ered in the presence of

John Smith.

Albert Spence.

A. B. & C. R. R. Co.

The

By
Robert Burns,

General Manager.
(SEAL)

John Doe & Co.

By
John Doe,

President.

(SEAL)

CANADIAN PACIFIC RAILWAY.
In witness whereof the parties hereto have

herewith caused these presents to be signed and
sealed on the day and year first above written.

Signed, sealed and
delivered by the

Contractor in

presence of

Signed, sealed

and delivered

by the Railway
Company in

presence of

L. S.

Signature of Contractor.

CLEVELAND, CINCINNATI, CHICAGO &
ST. LOUIS RAILWAY.

IN WITNESS WHEREOF the parties to

this agreement have hereunto set their hands
the day and vear first above written.

WITNESSES:

First Partv.

Second Party.

ILLINOIS CENTRAL RAILROAD.

IN WITNESS WHEREOF the parties hereto

have caused these presents to be executed in

duplicate the day and year first above written

Railway Company.
By

Second Vice-President.

Form Approved
Description Correct
Terms and Conditions Recommended

PENNSYLVANIA LINES, West of Pittsburgh.

IN WITNESS WHEREOF, The parties to

this agreement have hereunto set their hands
and seals, the day and year first above written.

Signed and sealed in the presence of

(Seal.)

(Seal.)

(Seal.)

OREGON SHORT LINE RAILROAD.
IN WITNESS WHEREOF said party of the

first part has caused this agreement to be signed

by its Vice-President and General Manager, and
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Recommended Clause.

ARTICLE XII. The said

parties for themselves, their

heirs, executors, administra-
tors, assigns and successors

do hereby agree to the full

performance of the cove-
nants herein contained.

IN WITNESS WHERE-
OF, the parties to these
presents have hereunto set

their hands and seals, the

day and year first above
written.

Signed, sealed and deliv-

ered in the presence of

John Smith.

Albert Spence.

A. B. & C. R. R. Co.

The

By
Robert Burns,

General Manager.
(SEAL)

John Doe & Co.

By
John Doe,

President.

(SEAL)

said party of the second part has hereunto set

his hand.

OREGON SHORT LINE RAILROAD COM-
PANY.

By ,
:

Vice-President and General Manager.
Party of the second part.

SEABOARD AIR LINE RAILWAY.
WITNESS the hands and seals of the re-

spective parties hereto this

Anno Domini nineteen
hundred and
WITNESSES:

(Seal.)

(Seal.)

(Seal.)

SEABOARD AIR LINE RAILWAY.
By

,

President.

Attest

:

Assistant Secretary.

CINCINNATI, NEW ORLEANS & TEXAS
PACIFIC RAILWAY.

IN WITNESS WHEREOF, the General Man-
ager of the Cincinnati, New Orleans & Texas
Pacific Railway Company has signed this agree-

ment in duplicate on behalf of said Railway
Company, and the said

ha. . . . hereunto affixed signature.

Executed in

duplicate in

presence of:

THE CINCINNATI,
NEW ORLEANS & TEXAS
PACIFIC RAILWAY CO.

By
General Manager.

CHESAPEAKE & OHIO RAILWAY.
IN WITNESS WHEREOF the parties hereto

of the first and second part have hereunto

set their hands and seals the day and year first

above written, and the drawings and specifica-

tions have been identified by the signature of

the Contractor, party of the first part, and on
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Recommended Clause.

ARTICLE Nil. The said

parties for themselves, their

heirs, executors, administra-

tors, assigns and successors

do hereby agree to the full

performance of the cove-
r.ar.ts herein contained.
IN WITNESS WHERE-

OF, the parties to these
presents have hereunto set

their hands and seals, the

day and year first above
written.

Signed, sealed and deliv-

ered in the presence of

John Smith.

Albert Spence.

A. B. & C. R. R. Co.

The

By
Robert Burns.

General Manager.
(SEAL)

John Doo & Co.

By
John I >'><•,

President.

(SEAL)

the part of the Chesapeake and Ohio Railway
Company, party of the second part, by the sig-

nature of its Engineer Maintenance of Way,
( Seal.')

CHESAPEAKE & OHIO RAILWAY COM-
PANY,

By
Engineer M. of Way.

Witnesses

:

Executed in duplicate.

BALTIMORE & OHIO RAILROAD.
IN WITNESS WHEREOF, The said part...

of the first part, and '

for and on behalf of the parties of the second
part, have hereunto set their hands on the day
and year first above written.

Signed and delivered
in presence of

:

Before signing the foregoing contract, we, the
Contractors, have carefully read the same and
understand all the provisions thereof.

MINNEAPOLIS & ST. LOUIS RAILROAD.
IN WITNESS WHEREOF the parties hereto

have set their hands and seals the day and year
first above written.

Executed in presence of

For Contractor.

For Railroad Co.

Contractor.

THE MINNEAPOLIS &
ST. LOUIS RAILROAD
COMPANY,

By
Vice President and
General Manager.

QUEEN & CRESCENT ROUTE (N. O. &
N. E. R. R.)

IN WTTNESS WHEREOF, the President
and General Manager of the

Company has signed this agreement in duplicate

on behalf of said Railroad Company and the

said ha...
hereunto affixed signature.

Executed in

duplicate in

presence of:
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Recommended Clause.

ARTICLE XII. The said

parties for themselves, their

heirs, executors, administra-
tors, assigns and successors
do hereby agree to the full

performance of the cove-
nants herein contained.
IN WITNESS WHERE-

OF, the parties to these
presents have hereunto set

their hands and seals, the

day and year first above
written.

Signed, sealed and deliv-

ered in the presence of

John Smith.

Albert Spence.

PHILADELPHIA & READING RAILWAY.
IN WITNESS WHEREOF, The parties here-

in named have hereunto set their hands and
seals, the day and year herein first above
named.

WITNESS:

The

By

A. B. & C. R. R. Co.

Robert Burns,
General Manager.

(SEAL)

John Doe & Co.

By
John Doe,

President.

(SEAL)

NORFOLK & WESTERN RAILWAY.
WITNESS the hands and seals of the re-

spective parties hereto, this day of

Anno Domini nineteen
hundred and
WITNESSES:

(Seal.)

(Seal.)

(Seal.)

NORFOLK AND WESTERN RAILWAY
COMPANY,

By
Attest

:

Secretary

BUFFALO, ROCHESTER & PITTSBURG
RAILWAY.

IN WITNESS WHEREOF, the parties hereto
have hereunto set their hands and seals the day
and year first above written.

PERE MARQUETTE RAILROAD.
Executed in duplicate the day and year first

above written.

PERE MARQUETTE RAILROAD COM-
PANY.

By
Its

MICHIGAN CENTRAL RAILROAD.

In Witness Whereof, both parties have exe-

cuted this agreement the day and year first

above written.

THE MICHIGAN
COMPANY,

By

CENTRAL RAILROAD

By.
General Manager.
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Recommended Clause.

ARTICLE XII. The said

parties for themselves, their

heirs, executors, administra-

tors, assigns and successors

do hereby agree to the full

performance of the cove-

nants herein contained.

IN WITNESS WHERE-
OF, the parties to these

presents have hereunto set

their hands and seals, the

day and year first above

written.

Signed, sealed and deliv-

ered in the presence of

John Smith.

Albert Spence.

A. B. & C. R. R. Co.

The

By
Robert Burns,

General Manager.
(SEAL)

John Doe & Co.

By
John Doe,

President.

(SEAL)

NASHVILLE, CHATTANCX >GA
LOUIS RAILWAY.

& ST.

IN WITNESS WHEREOF, the parties have
hereunto set their hands and seals, and the said

party of the first part has caused its name to

lie signed and its seal affixed by its proper
officers this day of 19. . . .

NASHVILLE. CHATTANOOGA
& ST. LOUIS RAILWAY.

WITNESS - Party of the First Part.

' By.
WITNESS: Chief Engineer.

WITNESS:
Partv of the Second Part.

Parties of the Third Part.

MAINE CENTRAL RAILROAD.
In Witness Whereof the said Maine Central

Railroad Company and the

have caused these presents to be executed and
their respective corporate seals to be hereto

affixed the day and year first above written.

Maine Central Railroad Company.

Witness

:

By :

Witness

:

By :

MISSOURI PACIFIC RAILWAY.
IN WITNESS WHEREOF, The said par-

ties to these presents have hereunto set their

hands, the day, month and year first above
written.

WITNESSES:

By

WITNESSES 3d V.-P. and
General Manager.

Contractor.

CHICAGO, BURLINGTON & QUINCY
RAILWAY.

IN WITNESS WHEREOF, the said parties

hereto have hereunto set their hands and seals

the day and year first above written.

CHICAGO. BURLINGTON & QUINCY
RAILWAY CO.

By
General Manager.

Approved as to form:

General Solicitor.
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Recommended Clause.

ARTICLE XII. The said

parties for themselves, their

heirs, executors, administra-
tors, assigns and successors
do hereby agree to the full

performance of the cove-
nants herein contained.
IN WITNESS WHERE-

OF, the parties to these
presents have hereunto set

their hands and seals, the
day and year first above
written.

Signed, sealed and deliv-
ered in the presence of

John Sm'ith.

Albert Spence.

A. B. & C. R. R. Co.
The

By
Robert Burns,

General Manager.
• (SEAL)

John Doe & Co.

By
John Doc,

President.

(SEAL)

LEHIGH VALLEY RAILROAD.
IN WITNESS WHEREOF, the parties here-

to have duly executed these presents the day
and year first above written.
WITNESS

:

(Seal.)

(Seal.)

(Seal.)

ERIE RAILROAD.
IN WITNESS WHEREOF, the said Con-

tractors have hereunto in duplicate set their
hands and seals, and the Erie Railroad Com-
pany has caused these presents in duplicate to
be signed by its President, and
sealed with its corporate seal, attested by its
Secretary, the day and year first above written
IN THE PRESENCE OF

(Seal.)

(Seal.)

ERIE RAILROAD COMPANY,
By

President.
Attest:

Secretary.

PITTSBURG & LAKE ERIE RAILROAD.
IN WITNESS WHEREOF, the said parties

hereto do execute this contract the day and
year first herein written.

Signed, sealed and delivered
in the presence of

THE PITTSBURGH & LAKE ERIE
RAILROAD COMPANY,

By.. (Seal.)
Vice President and

General Manager.
(Seal.)



DISCUSSION.

Mr. E. F. Ackerman (Lehigh Valley) :— In the absence of our

chairman, Mr. Breckinridge, and a few others of the Committee, I

shall assume charge of the Committee and present our report to

the Association. In presenting this report, it is with the understand-

ing that it is only a progress report. At the outset the Committee

was in doubt regarding the form into which the information in

hand should be put. hut finally came to the conclusion that we should

start upon a fundamental basis. At this time, in presenting our

report, the Committee docs not feel it has any conclusions to offer,

but the principal desire is to have expressions from the members

so as to a->>i>t in future work. We have presented several definitions,

for instance, a definition defining a contract; likewise a definition

covering specifications. These definitions were given some thought

and we would like to have them placed hefore the Association to

see whether they are satisfactory.

The Vice-President :—Perhaps we would better have the defini-

tions read.

The Secretary:
—"CONTRACT.—A formal agreement, either written

or printed, between two or more parties specifying term-;, conditions,

etc., under which certain obligations must he performed. (Specifica-

tions are a part of the contract.)

"Specifications.—That part of a contract describing in detail the

character of obligation to be performed."

Mr. L. C. Fritch (Illinois Central):— I move that these defini-

tions he approved.

Mr. A. S. Baldwin (Illinois Central):—Before that motion is put

I would suggest the elimination of the words "either written or

printed." Of course we would wish that all contracts be written or

printed, but a verbal contract that i^ proven i-- as much a contract,

and I doubt the wisdom of excluding from the provision a verbal

contract.

The Vice-President:—You suggest omitting the words "written

or printed"?

Mr. Baldwin:
—"A formal agreement, either verbal, written or

printed." Verbal would not be a formal agreement, however. Again.

if you are going to specify a verbal contract it would he necessary

to have it proven, li seems to me it would be better if "either

written or printed" be omitted.

Mr. Ackerman:— I do not consider that it i^ the desire of a

railroad corporation to have very many verbal contracts, but as

this is a general definition defining a contract 1 would favor the

acceptance of it by the Committee.
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The Vice-President:—The motion is now before you as to the

acceptance of these definitions as amended.

(Motion carried.)

The Vice-President:—The Vice-Chairman will explain the features

of the essential elements of a binding contract, found on page 390.

Mr. Ackermari :—Before proceeding with the development of a

contract form, the Committee thought well to know what the essential

elements of a binding contract were. We have referred to a number

of authors on this subject and as a result give the essential elements

as expressed by Mr. John C. Waite, Mr. J. B. Johnson and also the

elements as reported by the Committee on Buildings, in Volume 5, of

the Proceedings, page 40. The Committee would like to have an

expression from the Association as to which of these three state-

ments of essentials best covers the expression of a binding contract

so as to give us clearness and at the same time being as brief

as possible.

Mr. iM. L. Byers (Missouri Pacific) :—There is one very im-

portant matter in connection with contracts that I imagine has caused

all of us a good deal of trouble and thought. That is the liability

clause, and it is possibly becoming more important on account of

the tendency to change the laws governing questions of liability and

in particular to increase the liability of employers for personal injury.

It seems to me it would be advantageous if the Committee could, in

connection with its next year's work, take up the liability proposition

and enunciate the principles governing the dividing of liability be-

tween the company and contractor, keeping in mind, in that connection,

the possibility, on the part of the contractor, of securing insurance

against the liability which he assumes under the contract.

Mr. L. C. Fritch :— It seems to me we are getting outside of tin

province of engineering in discussing questions of this character.

The essential elements of a binding contract are not the same in

the various States of the country, and no matter what we may say

here as to what should be the essential elements, they would still

be subject to the approval of our respective legal departments. There-

fore, it seems to me, we are taking up a question that is outside

of our jurisdiction. I think it is all right for us to specify as to

technical details, but when it comes to a question of what is a legal

and binding contract, that is a question of law.

Mr. M. L. Byers:—I do not entirely agree with Mr. Fritch in

regard to his conclusions, although I do in regard to the facts. It is

a question of law in regard to the points which I brought up, but,

unfortunately, it is a part of every contract, and this Committee is

endeavoring to aid the members in deciding on what should be a

uniform contract form. As to the laws in different States, the Com-
mittee might aid the Association by doing some tabulating of those

laws, but I do not know how far it would be advisable to go into

that. The point I have specially in mind mighl be illustrated in this
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way : We had a contract recently in which the form was pretty

stiff in regard to placing the responsibility on the contractor. The
contractor said. "Well, we could sign this contract, possibly, because

we do not think it is legal, but we do not think that a very good

plan. At the same time we cannot afford to take risks which we
cannot cover by insurance." The question is not entirely in that

way a legal question. It is a question as to what extent insurance

nn different classes of liability can be secured.

Prof. F. O. Dufour (University of Illinois):— It seems to me that

No. 3, top of page 391, would cover that, and that it covers the

matter under consideration. It depend- upon the existing circum-

stances as to whether the liability clause would be legal or not.

Almost every State in every case would look upon it with a dif-

ferent view.

Air. Ackerman:— I cannot quite agree with Mr. Fritch's remarks.

I 1 elieve the fundamental or essential elements of a binding contract

are as stated and that they are generally the same in almost every

contract. We must know primarily along what lines we are to work,

and. if we have not these well defined, the results might be at

random. I appreciate that the legal department of all railroads will

ultimately pass upon any contract form turned out by the Com-
mittee, but I believe, with the elementary features properly defined.

we can hew closely to the line and turn out something satisfactory.

Prof. C. Frank Allen (Massachusetts Institute of Technology) :

—

At the top of page 391 the report of the Committee en Buildings

mentions among the essentials of a contract, "two competent parties."

The definition we have passed specifies that a contract* is an agree-

ment "between two or more parties." Possibly that is a -light incon-

sistency in wording that the Committee may take into consideration

The Vice-President :—We will pass on to the next section. "Com-

ponents of a Uniform General Contract Form."

Mr. Ackerman:—With a view of preparing a uniform general

contract form, the Committee proceeded to determine the components

of such a form. In a general way there are two component-. -

far as we have been able to determine, one being indicated "A."

which is "a proper agreement form." and "B." "'a statement of gen-

eral conditions applicable to all classes of construction operations."

Our idea in separating these was to first prepare the form "A.'

emb dying in same such wording, in the shape of an "agreement

form," as could l>e applied to almost all kinds cf agreements. Then.

instead of having general conditions incorporated in the agree' lent

form," we have separated them from the usual agreement form and

made a separate statement, which we will call a "general condition-

form." This separation has been tried out, particularly so on the

Lehigh Valley Railroad, and found to cover many cases.

The components. "A" and "B." have been further amplified as

follows: First, an introductory or opening clause. Second, a c<>w.-
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plete statement and description of all parties to the agreement. Third,

a concise description of the subject matter, in other words, a

description covering the nature and the location of the work to be

performed, or furnished, for a consideration. Fourth, a statement

of when (sometimes under what conditions) the contract becomes

operative and the limit, if any, for duration of the contract. Fifth,

a statement of the documents accompanying the contract. Sixth, a

clearly defined statement of the payment or consideration. Seventh, a

proper form of attestation, which should cover the signatures of all

the parties to the contract, etc.

The Committee presents for discussion such an agreement form,

appearing opposite page 4C0. This form has been used in actual prac-

tice and is substantially the same form the Lehigh Valley Railroad

uses and it has been found quite flexible. Compared with other

agreements or contract forms the wording is substantially the same,

but the general arrangement and shape of the form is presented for

consideration by the Association.

The Vice-President :—Any suggestions should be sent to the

Committee in writing.

Mr. Ackerman :—A "General Conditions Statement," labeled "B,"

on page 392, is intended to usually accompany agreement form "A,"

and covers the general conditions usually stipulated in contracts.

These conditions have been grouped under twenty headings. It is

believed they cover pretty nearly all conditions that should and

usually do enter into a construction agreement. I would say that

it is the intention later on, after we are satisfied with this grouping

and statement of headings, to amplify them into general conditions

statement clauses. It is the intention also to exclude from the gen-

eral conditions statement anything of a specific nature. The point

raised heretofore by the gentleman on the question of liability will

be covered by this general conditions statement.

Mr. Jos. O. Osgood (Central Railroad of New Jersey) :—I notice

that in the contract blank prepared, which is simply a skeleton, refer-

ence is made, after the first long blank, to the plans. It says, "In

accordance with the plans hereto attached, or as hereinafter described

and forming part of this agreement." I notice there is no reference

to the specifications. There is no attempt in this form to give the

contract in full, but it occurs to me that the specifications should be

referred to also. The specifications are usually an independent docu-

ment attached to the contract and forming part of it. "

Mr. Ackerman:—You will find on the first page of the agree-

ment form there is a statement that "the work shall be done under
the direction of the engineer of the company and in accordance

with the plans, the following conditions, requirements and specifications.''

The Vice-President:—Mr. Osgood suggests that the specifications

should be referred to as well as the plans. The Committee will take

that under consideration.
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Mr. W. G. Brimson (Quincy, Omaha & Kansas City) :— I would

like to inquire of the Committee what their interpretation of the

word "capacity" is
—
"two parties of capacity to contract."

Mr. Ackcrman :— I understand legal capacity. ,'

Mr. Brimson:—I submit the Committee should take into con-

sideration, whether the parties are able to perform. A decision has

lately been made that where parties contracted to do certain work

which it was obvious they could not perform, they should be relieved

of that obligation. That is to say. if a party should contract to build

a bridge, he could easily build a bridge by subcontracting or in some

other way perform his obligation, even if he were not a bridge

builder, but if lie should contract to build a ladder to the moon,

obviously he could not do it, and hence, however much he might

contract, the contract would be void.

.Mr. Ackerman :—There is another essential element of a binding

contract, which, according to Mr. Waite, page 390, (3) "A lawful

subject-matter, whether it lie a promise, an act or a material object.''

It does not seem to me that building a ladder to the moon would be

a material object. However, the point raised might better be covered

by saying "a legal or possible subject-matter."

Mr. Brimson:— I believe that would be better. Of course a lad-

der to the moon was simply to show the absurdity.

Mr. R. D. Cocmbs (Pennsylvania Tunnel & Terminal) :— I would

like to inquire whether there has been any previous action that would

prevent these forms being on letter-size sheets.

Mr. Ackerman:— I hardly think that that would be a desirable

form in which to present the agreement form, the idea being that

this form will act as a cover to a contract in which insert sheets

or letters can be incorporated. Likewise, in the case of a small

agreement, where an agreement plan is used, that plan can be placed

in the agreement and form a part of it.

Mr. R. D. Coombs:—Cannot the usual small agreement plan be

of such size that it will fold once and be letter-size?

Mr. Ackerman:—As a general proposition, all of our specifications

are not letter-size. They are usually on legal-size paper. Of course

there is no objection to any railroad adopting any size to suit its

own convenience.

.Mr. Edwin F. Wendt (Pittsburg & Lake Erie) :—I move that

this report be heartily approved as good information.

Mr. Fred Lavis (Pennsylvania Tunnel & Terminal) :— I might say

for the information of Mr. Coombs, that all the contracts of the

Pennsylvania Railroad Tunnel Extension in New York City have been

made on what is practically letter-size iK" Jxio-}:{ in-) ail( l bound in

book form.

Professor Allen:—There seem to be two very distinct ways of

reaching the specifications as part of the contract: that is. in many
contracts a reference is made to the specifications "which are hereby
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made part of this contract," but there are many engineers in lines of

municipal work who much prefer to have specifications included within

the body of the contract. There are certain agreements oftentimes

in specifications that are in the nature of contracts, and I would like

to suggest that the Committee consider those two types of contract

as they take the matter up during the coming year.

Mr. Ackerman :— It is the purpose of the Committee to consider

that matter and, in fact, the Committee has already given it some

consideration. As a general proposition, we will cover that by draw-

ing up a "special condition sheets," to accompany contracts for various

classes of work such as stone masonry, reinforced concrete masonry,

formation of roadway, etc. If possible, a great deal of consideration

will be given to this feature of the subject so as to get it in

standard form.

Mr. C. P. Howard (Lake Shore & Michigan Southern) :—In a

recent form of contract these words were included in the title:

"Specifications and plans hereunto attached or identified as a part

hereof (all of which are hereby made part of this agreement)."

(President McNab in the chair.)

The President :—The motion before the house is that this report

of the Committee be received as information.

(Motion carried.)

The President:—The Committee will be relieved with the (hanks

of the Association.





REPORT OF COMMITTEE NO. VIII—ON MASONRY.
(Bulletin 10S.)

To the Members of the American Raikuay Engineering and Main-

tenance of Way Association:

Your Committee on Masonry respectfully submits herewith its re-

port for the year 1908.

Your Committee has held two meetings daring the year, in addition

to meetings of sub-committees.

The first meeting was held at the office of the Association in Chi-

cago, November 14, the following members being present : A. O. Cun-

ningham, W. H. Petersen, C. W. Boynton, T. L. Condron, Richard L.

Humphrey, R. K. Rochester, J. W. Schaub, G. H. Scribner, Jr., A. N.

Talbot, G. H. Tinker and Job Tuthill.

The second meeting was held at the office of the Association in

Chicago, December 19, the following members being present : A. O.

Cunningham, W. H. Petersen, C. W. Boynton, T. L. Condron, Richard

L. Humphrey, J. M. Meade, J. W. Schaub, G. H. Scribner, Jr., A. M.

Talbot and G. H. Tinker.

From replies received from members of the Committee, the chair-

man appointed the following sub-committees

:

A

—

Reappoint a Sub-Committee to co-operate zvith the "Joint Com-
mittee on Concrete and Reinforced Concrete:" A. O. Cunningham.

C. W. Boynton, G. F. Swain, C. H. Moore, and G. H. Scribner, Jr.

B

—

Collect data, upon the reported failure of concrete structures and

the probable cause of same: Prof. G. F. Swain.

C

—

Investigate and report upon the xvaterproofing of masonry, cover-

ing methods, results, cost and recommended practice: R. K. Rochester,

Chairman ; C. H. Moore, F. E. Schall and W. P. Boright.

D

—

Report on the use of reinforced concrete trestles, typical designs,

cost and recommended practice: Prof. A. N. Talbot, Chairman; G. H.

Scribner, Jr., and H. H. Knowlton.

E

—

Present typical plans of retaining zualls and abutments, plain and

reinforced, zvith comparison and recommended practice: T. L. Condron,

Chairman
; J. M. Meade and J. W. Schaub.

F

—

Report on the desirability of all monolithic construction in arches

or large abutments zvith zving zvalls: W. H. Petersen, Chairman; G. H.

Tinker and Job Tuthill.

G

—

Submit specifications for reinforced concrete: Richard L. Hum-
phrey, Chairman ; C. W. Boynton.
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BRIEF REVIEW OF REPORT FOR 1907.

The report for the year 1907 consisted in the main of specifications

for stone masonry, which were formally approved by the convention.

The Committee also presented a summary of replies received from mem-
bers of the Association on the subject of aggregates for stone concrete,

as applied to the different classes of work. The Committee indicated its

purpose to publish in a subsequent Bulletin a comparison of typical

standard designs now in use for masonry culverts, both plain and rein-

forced. This compilation appears in Bulletin 105.

BRIEF SUMMARY OF REPORT FOR 1908.

Your Committee presents as its report for 1908 the following sub-

jects:

Report on the desirability of all monolithic construction in arches

or large abutments with wing walls.

Typical plans of retaining walls and abutments, plain and reinforced,

with comparisons; also a method for determining the pressure on the

back and foundation of retaining walls.

Specifications for Portland Cement and Reinforced Concrete.

Report on the use of reinforced concrete trestles, with statement

of costs, etc.

CONCLUSIONS.

Your Committee recommends the adoption of the following con-

clusions :

(1) The use of all monolithic construction in arches or large

abutments with wing walls, where practicable.

(2) That the report on retaining walls and abutments be received

as information.

(3) That the Specifications for Portland Cement Concrete and

Reinforced Concrete be adopted as good practice, and substituted for

the Portland Cement Concrete Specifications now appearing in the

Manual.

Respectfully submitted,

A. O. Cunningham, Chief Engineer, Wabash Railroad, St. Louis, Mo.,

Chairman.

W. H. Petersen, Bridge Engineer, Chicago, Rock Island & Pacific Rail-

way, Chicago, 111., Vice-Cliainnan.

W. P. Boeright, Division Engineer, New York, Chcago & St. Louis

Railway, Conneaut, O.

C. W. Boynton, Chicago, 111.

T. L. Condron, Chicago, 111.

Richard L. Humphrey, Philadelphia, Pa.

H. H. Knowlton, Engineer Maintenance of Way, Cleveland, Cincinnati.

Chicago & St. Louis Railway, Mt. Carmel, 111.
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J. M. Meade, Engineer Eastern Grand Division, Atchison, Topeka &
Santa Fe Railway, Topeka, Kan.

C.H.Moore, Engineer Grade Crossings, Erie Railroad, New York, N. Y.

R. K. Rochester, Principal Assistant Engineer, Vandalia Line, St.

Louis, Mo.

F. E. Schall, Bridge Engineer, Lehigh Valley Railroad, South Bethle-

hem, Pa.

J. W. Schaub, Chicago, 111.

G. H. Scribner, Jr., Chicago, 111.

G. F. Swain, Professor of Civil Engineering, Massachusetts Institute

of Technology, Boston, Mass.

A. N. Talbot, Professor of Municipal and Sanitary Engineering, Uni-

versity of Illinois, Urhana, 111.

G. H. Tinker, Bridge Engineer, New York, Chicago & St. Louis Rail-

way, Cleveland, O.

Job Tuthill, Engineer Bridges and Buildings, Pere Marquette Rail-

road, Detroit, Mich.

Committee.



Appendix A.

MONOLITHIC CONSTRUCTION IN ARCHES OR LARGE
ABUTMENTS WITH WING WALLS.

Your Committee issued the following circular to the members of

the Association

:

(Circular No. 109.)

Will you be kind enough to favor the Masonry Committee with

answers to the following questions, giving the replies in as much detail

as practicable

:

1. (a) Is it your practice to build abutments with wing walls as

monolithic structures, and to what limits as to height, if any. (b) If

you build abutments in sections, what would be your maximum length

of section for plain concrete and for reinforced concrete.

2. (a) Is it your practice to build arches wi.h wing walls as mono-

lithic structures, (b) If you build arch abutments in sections, what is

your maximum length of sections., (c) In plain concrete and in rein-

forced concrete.

3- (a) Is it your practice to build up arch rings parallel with the

axis of the arch, (b) Is it your practice to build the arch ring trans-

versely to the axis of the arch, making joints between separate sections.

If so, what would be your length of section for (1) plain concrete and

(2) for reinforced concrete.

4. Please describe any failures that may have come under your

observation of abutments with wing walls built as monoliihic structures

to retain that characteristic, i. e., have the wings cracked away from

the body of the abutments, or the abutments cracked in any way? State

height of abutment and approximate length of the top of wings on

the abutments and type of wing wall.

5. Please describe any failures that you may have observed of arch

rings built as monolithic structures to retain that characteristic, giving

thickness of wings, length and, if possible, manner of construction.

The following is a summary of replies received :

In Abutment Work

:

17 are monolithic throughout.

4 build their abutments in sections of 30 ft. maximum length.

1 builds abutments in sections of 40 ft. maximum length.

5 build their abutments in sections of 50 ft. maximum length.

2 build their abutments in sections of 60 ft. maximum length.

4 build their abutments in sections of 100 ft. maximum length.

1
.",

I I
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4 separate the wings from the abutments. In this case they make a

dove-tail joint or bond them together in some other way.

Reports on Reinforced Concrete Abutments are few

:

i road uses a maximum length of 30 ft.

1 road uses a maximum length of 60 ft.

1 road uses a maximum length of 300 ft.

2 roads make the construction monolithic.

In the Construction of Arch Abutments

:

14 roads use monolithic throughout.

5 build their abutments in 30 ft. maximum sections.

1 road builds its abutments in 40 ft. maximum sections.

7 build their abutments in 50 ft. maximum sections.

3 build their abutments in 60 ft. maximum sections.

1 builds its abutments in 100 ft. maximum sections.

1 builds its abutments in 150 ft. maximum sections.

2 separate the wings from the abutments.

In Reinforced Concrete

:

1 road uses a maximum 50 ft. section.

2 use a maximum 60 ft. section.

1 uses a maximum 85 ft. section.

1 uses a maximum 300 ft. section.

1 uses monolithic construction.

Sixteen roads report building the arches parallel with the axis and

15 roads report building arches at right angles to the axis, making the

arches in sections, which they complete in one continuous operation.

It will be noticed from the replies on the abutment work that a

great many of the roads favor either monolithic construction or sec-

tions built in lengths of 50 ft. or more. A section 50 ft. long would

ordinarily be an abutment between 30 ft. and 35 ft. high on a single

track.

The reasons given for the cracking of the concrete are as a rule

due to settlement in the foundation. Several roads report that the crack-

ing was due to inferior quality of material—either sand, stone or cement.

Several roads report that the cracks were traceable to the lack of ex-

pansion joints.

There are several instances of failures of abutments which will no

doubt be of interest.

One pair of abutments, which were 176 ft. long and 56 ft. high,

broke into about three equal parts. The breakage was probably due to

settlement. Another pair of abutments about the same size were well

reinforced and no cracks had developed in them since their completion.

Another road reports on the advantages of all monolithic construc-

tion, where the abutments arc on alluvial soil and on pile foundation,

which is subject to heavy freshets. The abutment was 33 ft. high and

was scoured to a depth of 10 ft. underneath. It moved forward 14 in.
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;md settled about 2 in. without a crack appearing in it anywhere. If

the abutment had been built in sections il would no doubt have failed

by the different sections falling one at a time.

Another case is reported of an abutment on sandy soil without

piling. The abutment was about _'_' ft. high. The sand scoured under-

neath it and the abutment settled _> ft. without cracking. The girder

was blocked up and trains continued running over the abutment.

In the case of arch abutments, cracking very often occurs where

the foundation is on piling or on poor foundation on account of the

earth pressure being very much greater at the center than it is at the

ends. These cracks may open up an inch or more. They are unsightly.

but not dangerous, and are not very often the cause of a failure.

CONCLUSION'.

The Committee recommends the use of monolithic construction in

arches or large abutments with wing walls, where practicable.



Appendix B.

RETAINING WALLS AND ABUTMENTS.

Your Committee lias collected information bearing on the practice

of railroad companies in retaining-wall design. Diagrams giving dimen-

sions of a number of representative retaining walls are included in

this report, together with some description and comment. The answers

to the letter of inquiry show that the practice of using arbitrary ratios

of width of base to height of walls is general. These ratios are very

variable and generally no attempt is made to calculate the earth pres-

sure back of the wall in order to determine the direction and position

of the resultant pressure on the foundation. The term, "width of base,"

is used by some to designate the extreme width of the lowest footing

of the wall and by others the "neat work" above the footing, a dif-

ference in usage which has been the cause of much confusion.

The use of a fixed ratio of width to height, which seems to be

common practice, leads to a neglect of the study of the distribution

of the pressure on the foundation. This is a question of great impor-

tance, since it is well established that movements from the original

alinement, due to unequal settlement, form a defect more common

than any other. The introduction of reinforced concrete retaining walls

adds another reason for requiring an analysis of the forces and pres-

sures. The Committee therefore feels that attention should be called

to the importance of making a study of each case, and particularly of

the amount and distribution of the pressure on the bed or foundation.

Notwithstanding the importance of an analytical treatment, the Com-

mittee deems it proper to add a word of caution on the acceptance of

existing formulas, with the constants usually quoted, without further

investigation. There is a feeling in some quarters that the direction

and amount of the resultant pressures and the distribution of the

pressure over the bed are not well represented by some of these for-

mulas. If these doubts have a sound basis, some of the present

tendencies in retaining-wall design are open to criticism. The Com-

mittee hopes to present a fuller discussion in a later report and possibly

to obtain information on the pressures developed.

Meanwhile the Committee submits the following method, which is

widely published and frequently used for determining the pressures on

the back and on the foundation of retaining walls. It is based on the

well-known Rankine formulas, which consider that the earth is a granular

1317
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mass with some assumed or determined angle of repose. In applying

this method it is immaterial whether the force representing the earth

pressure is considered as acting directly on the back of the wall or

if it is considered as acting upon a vertical plane passing through the

extreme back of the footing. In the latter case the force representing

the lateral earth pressure must be combined with (i) the vertical force

representing the weight of the earth prism between the back of the wall

and the vertical plane considered, and (2) combined with the vertical

force representing the weight of the wall itself.

If the angle of repose of the earth is assumed as \
l/i to 1, the

force per linear foot of wa'l, representing the resultant of the earth

pressure back of the wall acting on the vertical plane referred to, will

be as shown on the diagram Fig. 1 for the case of the top of the fill

level with the top of the wall ; and diagram Fig. 2 for the case of the

fill sloping up from the top of the wall at an angle of \ x/2 to 1 indefi-

nitely. In all cases y = the weight of a cubic foot of earth, H being

taken in feet.

If in addition to the weight of earth, the wall is to support a track

load, then the earth pressure by this same method will be that indicated

by the diagram Fig. 3.

In all cases the pressure on the foundation by this method will be

determined by the following formulas:

B
When Q is equal to or greater than —

.

3

P
Pressure at the toe=(4B — 6Q) —

.

B-

P
Pressure at the heel = (6Q — 2B) —

.

B 2

B
When Q is less than —

.

3

2P
Pressure at the toe= .

3<3

Where P = the vertical component of the resultant pressure on the

base.

B = the full width of the base in feet.

Q — the distance from the toe to where the force P cuts the base.

The above method seems to be as rational as any that the Com-

mittee can present at this time. The constants given apply only to earth

that will stand on a 1/2 to 1 slope, and it must be borne in mind that
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the pressure on the foundation should never exceed the safe bearing

pressure on the material considered.

Means sin .uKl always he provided for draining the earth hack of a

wall, otherwise the wall will he subjected 1<> hydrostatic pressure, which

will greatly increase the lateral thrust.

The foundation for a wall should always <bc placed below frost.

Usually a wall designed to resist overturning will be secure against slid-

ing on its foundation, but this feature should receive careful attention.

The. frictional resistance on the base, combined with the abutting

resistance of the earth in front of the wall, must be greater than the

horizontal thrust of the earth back of the wa'l, in order to prevent

sliding of the wall on its foundation.

A brief review of some of the wall sections reported to your Com-

mittee follows. Cross-sections of these walls are shown, all drawn

to the same scale. The ratio of the base to height (R) is given under

each figure.

Fig. 4 (R= -38).

Fig. 4 illustrates a type of wall having considerable batter on the

face and a nearly vertical back. Applying the earth pressure "E"' on

the back of this wall (as given in Fig. 1 for earth level with the top of

the wall), the resultant will fall inside of the middle third of the base.

If, however, the wall supports, tracks anil a surcharge load equal to 10

ft. of earth is considered (as given in Fig. 3), the resultant will pass

almost exactly through the toe of the wall.

Figs. 5 to 9, inclusive, arc cross-sections of walls retaining track-

elevation embankments. Several of these walls have given considerable

trouble by moving out at the lop. The sections Figs. 7 and 8 are

reported as not having moved out; Fig. 9 has moved out 2^2 in.; Fig. 5,
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4 in., and Fig. 6, 11 in. In all of these cases the toe pressures as deter-

mined by the methods outlined are very great.

{6£Lte&**5kBc/:
{4'OSjb&rSAnrJ.

Fig. 5 (R= .43). !":., 6 (R

^1
£}

M"

&

/o-o'-

Z-S"

Fig. 7 (R= o7)-

/O-O'

J%

,2"k

*T

l*&

/OW
Fig.8(R= .55). Fig.9 (R= 46).

Figs, io and u represent two old walls, both of which have tipped

forward several inches, the latter as much as 15 in.
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&6

//0<O

Fig. 12 (R = .45). Fig. 13 (R = .6s).

Fig. 12 is a wall that fell over and was replaced by the wall shown

in Fig. 13. The earth pressures and resultants through the bases are

drawn in on the figures: Fig. 13 has not moved. These walls have rock

foundations.
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Fig. 14 (R = .44). Fig. 15 (R= .46).

Figs. 14 and 15 are parallel walls not carrying tracks. Fig. 15 is a

rubble masonry wall built twelve or more years ago. It has moved out

at the top as much as five inches. Fig. 14 is of concrete, built two years

^ <£ of frack < /2-0 '

Fig. 16 (R = .43). Fie. 17 (R = .62S).
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ago, ami rests upon piles. It lias shown no movement. The piling takes

care of fche heavy pressure under the toe of the wall.

*-X

^

k*e
.45/) X

Fie. i8(R = . 5 ).

Fig. 16 is another track elevation wall that has moved, out at the

top y]/2 in. The company that built this wall has adopted the designs

H
J*

/J-7"A><&<,<^/r**£
.
&&'%<£*S/r*sk

££

1

/-£"

4U

,4
\

to-'*" r

Fig. i q (R = .43).

//'*'
. 1

Fig. 20 (R = .47;.
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shown in Figs. 17 and 18. The very generous projections of the foot-

ings in front of these walls greatly increases their resistance to displace-

ment, although the toe pressures still may be large.

Figs. 19 and 20 are parallel walls. The former is evidently less

stable' than the latter. However, the tracks are much closer to the latter

and it is reported to have moved out 4 in. at the top. It is surprising

that Fig. 19 has not moved out; evidently it is on a very solid foundation.

^
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13-2' to<£ Track.

Fig. 25 (R i).

Figs. 26 to 34 are illustrations of reinforcd concrete cantilever walls,

all of which have been built within the last two or three years. Most

of these walls have much greater resistance to overturning and much

lower earth pressures on their bases than the plain masonory walls

illustrated. They are designed as cantilever beams, with steel bars, to

take the tensile stresses. The simpler the shape of these walls, the

less expensive the form work. This feature has been especially con-

Fic.26 (R = -55) Fig. 28 (R= . 56).
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sidered in Fig. 28 (see also photograph of this same wall. Fig. 29).

Generally there will be found considerable economy in this type of wall

over plain monolithic walls.

Fig. 26 is a wall built at Milwaukee by the Chicago, Milwaukee &
St. Paul Railway, Mr. C. F. Loweth, Engineer and Superintendent

Bridges and Buildings. It is 1,000 feet long and has a maximum height

of 14 ft. above foundation.

Figs. 27 and 28 were designed by the Condron & Sinks Company,
Consulting Engineers. The- former, fur .Marion County, Indiana, is about

800 ft. long and was built in 1904. The latter was designed for the

Union Railway Company of Memphis, Tennessee, Mr. John Lancaster,

President and General Manager. It is 500 ft. long and was built in

1907. The cost, including excavation, was $7,527, or $6,118, exclusive

of excavation. The cost per cubic yard of concrete in place, including

reinforcing, was $8.82. This wall is also shown in the photograph,

Fig. 29.

Fig. 29. Memphis Union Railway.

Figs. 30 and 32 are walls of the Chicago track elevation of the

Chicago, Burlington & Quincy Railroad, Mr. C. H. Cartlidge, Bridge
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Engineer (sec also photograph, Fig. 31). Tims walls are a com-
promise between plain monolithic and cantilever types of walls. Fig.

30 is the general type built by this road, while Fig 32 represents an

unusually high wall, buill directly on the property line, where there was
ii" chance i" extend the footing in fronl of the wall. These walls

are supported on piles closely spaced under the t<>e and more widely

apart ii!«ier ihe heel. .Mr. Cartlidge writes regarding these walls:

Fig. 31. ('.. B. & Q. R. R.

"This wall (reinforced concrete) will show an economy over a

gravity wall of -"lid concrete. The cosl of a large amount of work,
including everything, has 1> en a little less than $9 per yard. For
the concrete only, exclusive of excavation and piling. $6.23 per yard.

Our abutments are solid concrete, without any reinforcing. These
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cost us per cubic yard $5.55, inc tiding everything. The high cost per

yard of the retaining walls for excavation and piling is, of course, due

to the fact that comparatively little concrete is used per yard of ex-

cavation. The true comparison, therefore, is between the concrete in

the two, being for the retaining walls, as stated above. $6.23 and $5.03."
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Fig. 32 (R

Fig. 35 (R= -6). Fig. 36 (R = .6).



Fig 37. Canadian Pacific Railway.

Fig. 38. Canadian Pacific Railway.
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Fig. 36 is a typical section of a wall built by the Canadian Pacific

Railway at Montreal (see also photograph, Figs. 37 and 38). This wall

1- 3,400 ft. long and varies in height in mi 21 to 25 ft.

MY. J. G. Sullivan, Assistant Chief Engineer, states regarding this

and similar walls:

"With regard to cost, we have Found 1l1.it For walls up to 35 ft.

high, from bottom of foundation slab, the reinforced concrete is about

25 per cent, cheaper than a monolithic concrete."

h/*V

Fig. 39 (R= 49).

Figs. 39 and 40 are sections, and Fig. 40 is a photograph of an

enormous hollow abutment 61 ft. high, built by the Atlanta, Birmingham

& Atlantic Railroad, Mr. Alex. Bonnyman, General Manager and Chief

Engineer, who writes regarding their walls and abutments:

"By the contract prices for plain concrete and reinforced concrete
in abutments and retaining wads, we figure that there is a saving in

the reinforced walls of about 25 per cent."
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Figs. 42 to 47, inclusive, are photographs of interesting examples

of reinforced concrete walls and abutments, descriptions of winch are

given under each picture.

Fig. 40 (R = .59).

The Committee presents this as a progress report, without making

any recommendations, feeling that further investigation should be made
as to the effect of earth pressure.
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Fig. 42. Spokane & Inland Railway.

Length, S00 ft.; height, 32 ft.; base, 16 ft.; face, 7 in. at top and 15 in.

at bottom; counterforts, 8 ft. on center; no expansion joints; reported to

show no cracks after two years.

Fig. 43 (see Fig. 42).
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Fig. 44. Walls of Settling Basins, Chain of Rocks, St. Louis, Mo.

Two side walls, each 1,650 ft. long, and two end walls, each 400 ft. long;

height 25 ft.; base, 25 ft.; counterforts 18 in. thick; 16 ft. on centers; no ex-

pansion joints; reported to have no shrinkage or temperature cracks.

Fig. 45 (sec Fig. 44).
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Fig. 46. Kansas City Outer Bflt & Electric R. R. Height, 32 Ft.

Fig. 47. Kansas City Outer Belt & Electric R. R. Height, 32 Ft.



Appendix C.

Cement.

Fine Ag-
gregates.

Coarse
Aggregates.

Water.

Metal
Reinforce-
ment.

SPECIFICATIONS FOR PORTLAND CEMENT CONCRETE AND
REINFORCED CONCRETE.

l. Cemenl shall be Portland, and shall meet the requirements of

the standard specifications. (See Manual.)

2. Fine aggregate shall consist of sand, crushed stone, or gravel

screenings graded from fine to coarse, and passing when dry a screen

having '

4 -in. diameter holes; it shall preferably he of siliceous material,

clean, coarse, free from vegetable loam or other deleterious matter, and

not more than (> per cent, shall pass a sieve having ioo meshes per

linear inch.

3. Mortars composed of one part Portland cement and three parts

fine aggregate by weight when made into briquettes shall show a tensile

strength of at least 70 per cent, of the strength of 1 13 mortar of the

same consistency made with the same cement and standard Ottawa sand.

4. Coarse aggregate shall consist of crushed stone or gravel, graded

in size, and which is retained on a screen having J^-in. diameter holes;

it shall be clean, hard, durable and free from all deleterious material.

Aggregates containing soft, fiat or elongated particles shall not be used.

5. The maximum size of the coarse aggregate shall be snch that it

will not separate from the mortar in haying and will not prevent the

concrete fully surrounding the reinforcement or filling all parts of the

forms. Where concrete is used in mass the maximum size of the coarse

aggregate may, at the option of the engineer, be such as to pass a 3-in.

ring. For reinforced concrete, sizes usually are not to exceed one inch

in any direction, but may be varied to -nit the character of the rein-

forcement.

6. The water used in mixing concrete shall be free from oil, acid,

alkalies, or vegetable matter.

7. The metal reinforcement steel shall be manufactured from new

billets, and shall meet the requirements of the following specifications,

and be free from rust, scale, or coatings of any character which would

tend to reduce or destroy the bond.

Process of
Manufac-
ture.

Schedule of
Require-
ments.

SPECIFICATIONS FOR STEEL KKINFORCEMENT.

X. Steel shall be made by the Bessemer or the open-hearth process.

9. The chemical and physical properties shall conform to the fol-

lowing limits:

1338
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Elements Considered.
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Bending
Tests.

Thick
Material.

Finish.

Stamping.

ctlve
Material.

\~. Bending tests may be made by pressure or by blows. Shapes

and liars less than one inch thick shall bend as called for in paragraph 9.

[8. Structural steel one inch thick and over, tested as rolled, shall

bend cold t8o degrees around a pin, the diameter of which is equal to

twice the thickness of the bar. without fracture on the outside of bend.

[Q. Finished material shall be free from injurious seams, flaws,

cracks, defective edges or other defects, and have a smooth, uniform

and workmanlike finish.

20. Every finished piece of steel shall have the melt number and

the name of the manufacturer stamped or rolled upon it, except that bar

steel and other small parts may he bundled with the above marks on

an attached metal tag.

21. Material which, subsequent to the above tests at the mills, and

it< acceptance there, develops weak spots, brittleness, cracks or other

imperfections, or is found to have injurious defects, will be rejected at

the shop and shall be replaced by the manufacturer at his own cost.

Propor-
tions.

Unit of
Measure.

Relation of
Fine and
Coarse
Aggregate.
Relation of
Cement and
Aggregates.

Mixing.

Measuring
Propor-
tions.

Machine
Mixing.

i [and
Mixing.

PREPARATION AND PLACING OF MORTAR AND CONCRETE.

_>_>. The materials to lie used in concrete shall be of uniform

quality and so proportioned as to secure as nearly as possible a maxi-

mum density.

23. The unit of measure shall be the barrel, which shall be taken

as containing 3.8 cubic feet. Four bags containing 94 lbs. of cement

each shall be considered the equivalent of one barrel. Fine and coarse

aggregate shall be measured separately as loosely thrown into the meas-

uring receptacle.

24. The fine and coarse aggregate shall be used in such relative pro-

portions as will insure maximum density.

25. For seinforced concrete construction a density pioportion based

on 1 :6 shall be used. i. e.. one part of cement to a total of six parts

of fine and coarse aggregates measured separately.

26. For massive masonry or rubble concrete a density proportion

based on 1 :q shall he used.

27. The ingredients of concrete shall be thoroughly mixed to the

desired consistency, and the mixing shall continue until the cement

is uniformly distributed and the mass is uniform in color and homo-

geneous.

28. Methods of measurement of the proportions of the various in-

gredients, including the water, shall be used, which will secure separate

uniform measurements at all times.

29. When the conditions will permit, a batch mixer of a type

which insures uniform mixing of the materials throughout the mass

shall be used.

30. When it is necessary to mix by hand, the mixing shall be on

a water-tight platform and especial precautions shall be taken to turn

the materials until they are homogeneous in appearance and color.
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a. Tight platforms shall be provided of sufficient size to accom-

modate men and materials For the progressive and rapid mixing of

at least two batches of concrete at the same time. Batches shall not

exceed one cubic yard each, and smaller hatches arc preferable, based

upon a multiple of the number of sacks of cement to the barrel.

b. Spread the tine aggregates evenly upon the platform, then the

cement upon^the tine aggregates, and mix thoroughly until of an even

color. Add all the water necessary to mike a thin mortar and spread

again; add the coarse aggregates, which, if dry, should first he thor-

oughly wet down. Turn the mass with shovels or hoes until thoroughly

incorporated and all the aggregates are covered with mortar; this will

probably require the mass to be turned four times.

c. Another approved method, which may be permitted at the op-

tion of the engineer in charge, is to spread the fine aggregates, then

the cement, and mix dry, then the coarse aggregates; add water and

mix thoroughly as above.

31. The materials shall lie mixed wet enough to produce a concrete Consist-

of such a ci msistency as will flow into the forms and about the metal ency-

reinforcement, and which, on the other hand, can be conveyed from

the place of mixing to the forms without separation of the coarse

aggregate from the mortar.

32. Retempering mortar or concrete, i. e., remixing with water Retemper-
after it has partially set, shall not be permitted. in£-

33. Concrete after the addition of water to the mix shall be handled piac jng or

rapidly from the place of mixing to the place of final deposit, and un- Concrete,

der no circumstances shall concrete be used that has partially set before

final placing.

34. The concrete shall be deposited in such a manner as will per-

mit the most thorough compacting, such as can be obtained by working

with a straight shovel or slicing tool kept moving up and down until

all the ingredients have settled in their proper place by gravity and the

surplus water forced to the surface.

35. In depositing the concrete under water, special care shall be ex-

1 to prevent the cement from floating away, and to prevent the

formation of laitance.

36. Before placing the concrete the forms shall be thoroughly

wetted and the space to be occupied by the concrete free from debris.

3~. When work i^ resumed, concrete previously placed shall b •

roughened, thoroughly cleansed of foreign material and laitance,

drenched and slushed with a mortar consisting of one part Portland

cement and not more than two parts fine aggregate.

38. The faces of concrete exposed to premature drying shall be

kept wet for a period of at least seven days.

39. The concrete shall not be mixed or deposited at a freezing Freezing
temperature, unless special precautions, approved by the engineer, are Weather,

taken to avoid the use of materials containing frost or covered with ice

crystals, and to provide means to prevent the concrete from freezing

after being placed in position and until it has thoroughly hardened.
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Surface
Finish.

40. Where the concrete is to be deposited in massive work, clean

stones thoroughly embedded in the concrete as near together as is pos-

sible and still entirely surrounded by concrete may be used at the 1 p-

tion of the engineer.

41. Forms shall be substantial and unyielding and built so thai the

concrete shall conform to the designed dimensions and contours, and so

constructed as to prevent the leakage of mortar.

4J. The forms shall not be removed until authorized by the engi-

neer.

4,V For all important work, the lumber used for face work shall

be dressed to a uniform thickness and width, and shall be sound and

free from loose knot-, secured to the studding or uprights in horizontal

lines.

44. For backings and other rough work undressed lumber may be

Used.

45. Where comers of the masonry and other projections liabli

injury occur, suitable moldings shall be placed in the angles of the

forms to round or bevel them off.

40. Lumber once used in forms shall be cleaned before being used

again.

47. In dry but not freezing weather the forms shall be drenched

with water before the concrete is placed against them.

DETAILS OF CONSTRUCTION.

48. Wherever h is necessary to splice the reinforcement by lapping,

the length of lap will be decided by the engineer on the basis of the

safe bond stress and the stress in the reinforcement at the point of

splice. Splices shall not be made at points of maximum stress.

49. Concrete structures, wherever possible, shall be cast at one

operation, but when this is not possible the work shall be stopped, so

that the resulting joint will have the least effect on the strength of the

structure.

50. Girders and slabs shall not be constructed over freshly formed

wall or columns without permitting a period of at least two hours to

elapse to provide for settlement or shrinkage in the supports. Before

resuming work the top of the supports should be thoroughly cleansed

of foreign matter and laitance.

51. In massive work, such as retaining walls, abutments, etc., built

without reinforcement, joints shall be provided, approximately, every

50 feet throughout the length of the structure to take care of tempera-

ture changes. To provide against the structures being thrown out of

line by unequal settlement, each section of the wall may be tongued

and grooved into the adjoining section. To provide against unsightly

cracks, due to unequal settlement, a joint shall be made at sharp angles.

52. The desired finish of the surface shall be determined by the

engineer before the concrete is placed, and the work shall lie so con-

ducted as to make it possible to secure the finish desired. Plastering

of surfaces will not be permitted.
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REINFORCED CONCRETE TRESTLES.

Wooden trestles have been used quite extensively to carry track

over small water courses. These trestles are usually constructed without

abutments at the ends, and in most cases, in order to allow for the

slope of the embankment and for that of the depression crossed over,

the bridge is longer than the waterway requires. In many locations the

features of short span and of adaptation to ground slope are especially

advantageous, and the same arrangement may be desirable in planning

structures of a more permanent character. One type of construction

which is being used for low and medium heights of bridge in such

locations with seemingly satisfactory results is the reinforced concrete

trestle. These structures usually have about the same length of span

as the wooden trestle, are supported on reinforced concrete piles or

thin piers, and have a solid floor, which itself may form the carrying

beam from support to support. A number of railroads have built struc-

tures of this type to replace wooden trestles. The following examples

of reinforced concrete trestles have come under the notice of the

Committee

:

Air. A. O. Cunningham, Chief Engineer, reports that the Wabash

Railroad has built nine of these structures, aggregating 640 linear feet.

These have solid reinforced concrete decks (ba'last floor) and thin

piers, with relatively shallow foundations. The span is generally 16 ft.

and the floor slab or deck 2 ft. 4 in. thick. The piers are 2 ft. thick

at the top and have batter of V2 in 12 on each face. Vertical and

horizontal reinforcement is placed near the faces. The end supports

are in the form of abutments. Some of these bridges have been in

place two years. No deterioration is apparent. Reinforced concrete

trestles are used entirely by the Wabash Railroad to replace wooden

trestles where an opening larger than can be served by a 4-ft. pipe is

required. Mr. Cunningham considers this style of structure more

durable than any other.

Mr. C. H. Cartlidge, Bridge Engineer, reports that the Chicago,

Burlington & Quincy Railroad \v.\- over 2,000 ft. of reinforced con-

crete trestles in service. About 1,500 ft. arc trestles built with rein-

forced concrete piers and slabs (ballast floor) with spans from 14 ft.

to 25 ft., and about 600 ft. are trestles resting on concrete piles with

spans from 14 ft. to 16 ft. and with the same type of deck. The piers

are from 18 in. to 30 in. thick at the top and have the usual batter.

In the pile trestles a double row of piles with a cap of extra width

or a thin pier is placed at the end of every fifth span. The reinforced

concrete piles used include two types, one cast in forms in a horizontal

1343
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position and the other the Chenoweth rolled pile. The company is

extending the use of both concrete pile trestles and pier trestl

rapidly as the wooden pile trestles on the main line require reconstruc-

tion. This type of construction is confined to places where the struc-

tures are free from excessive drift or ice. As a usual thing the pier

trestle has its foundation upon soft wood piling, cut off at a point

where the ground is always moist. The pile trestle has not been used

in bridges having a height greater than 18 ft. In nearly all of these

bridges the slahs forming the decks are cast in forms at some con-

venient place and later are transported to the bridge site and set in

place on the piers or pile caps.

Mr. O. E. Selby, Engineer of Bridges, states that the Cleveland.

Cincinnati, Chicago & St. Louis Railway in 1906 built two reinforced

concrete structures near Lawrenccville, 111., one 419 ft. in length and

the other 189 ft. The span is 20 ft. in the clear. The piers are 2

ft. 3 in. thick at the top, with batters of V2 in 12, except that every

fourth pier is 5 ft. thick at the top and the deck here has expansion

joints. The sides of the deck form girders, designed as deep beams,

the floor being reinforced transversely to carry the loads to these

girders. The deck was built monolithically.

Types of structure which partake more or less of the arch form

have not been included, nor have reinforced concrete structures used

for coal and ash dumps, highway crossings, etc.

The Committee realizes the difficulty of presenting estimates of

cost which will be of value in making comparisons. The differences

in conditions attending construction, and especially the differences in

practice concerning charges for transportation of materials and other

service, limit the usefulness of estimates of cost presented without full

explanation. The following statements, however, may be of value in

forming a general idea of the cost of single-track structures. The
Wabash Railroad states that in ordinary conditions the trestles referred

to cost about $20 per linear foot, plus* $500 for the two abutments.

If abutments are omitted and a free earth slope is allowed, two addi-

tional spans must be provided and the total cost will be increased. The
Chicago, Burlington & Quincy Railroad estimates the cost of the rein-

forced concrete pile trestle at from $30 to $35 per linear foot for

ordinary heights. The cost of the structures resting on thin piers and

pile foundations is given as $40 per linear foot and upward. The Big

Four Railway gives the cost of their two structures as about $21 pei

linear foot.

The Committee feels that experience with reinforced concrete tres-

tles indicates that these structures will be a durable and satisfactory type

for use in replacing wooden trestles of low and medium height under

conditions which otherwise warrant the expenditure. The Committee,

however, is not yet ready to present types of trestles nor to report

anything as recommended practice.
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TYPICAL DESIGNS FOR PLAIN AND REINFORCED CON-

CRETE CULVERTS.

Your Committee on Masonry submits the following examples of

typical designs for plain and reinforced concrete culverts now in use

by eight railway companies

:

In collating this matter a large percentage of the roads of this

country and Canada were requested to furnish drawings of their stand-

ard plain and reinforced concrete culverts. Drawings were received

from nearly all the roads, but it was found that the majority of the

plans sent in were not what might be termed "standards."

The Committee, after studying the standard designs submitted,

decided that it would be necessary to harmonize those selected for

publication, so that a direct comparison between the several designs

could be made. With this object in view sketches were prepared and

blank forms of tables of dimensions and quantities sent to the several

roads to be filled in. Here the Committee met with difficulty, some of

the roads stating that they could not furnish the desired information,

as they were short of help competent to do such work, so that it was

necessary to omit a number of designs that otherwise would have been

published, which would have materially added to the value of this report.

Wherever corrections were made by the Committee, the work was sub-

mitted to the road affected for its approval. The tables making up the

body of tbe report were compiled from data received from the several

roads.

PLAIN CONCRETE ARCH CULVERTS.

For plain concrete arch culverts the designs submitted by the Erie,

National Transcontinental, Union Pacific, New York Central & Hudson

River, and Nashville, Chattanooga & St. Louis Railways have been used.

A typical or composite design of such culvert was drawn up, this design

being simply a combination of the details of construction of the five

plans selected.

A study of the drawing presented in connection with any one table

of dimensions may lead to the conclusion that some of the dimensions

are unnecessary and superfluous, but cacli dimension shown is necessary
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1346 MASONRY.

to cover some detail of construction of one of the five plans con-

sidered, and by studying the drawing of the standard plain concrete

arch culvert in connection with any one of the tables of dimensions, a

clear idea of the design of the particular culvert ma}- be had.

REINFORCED CONCRETE CULVERTS.

The designs submitted by the Illinois Central ; Nashville, Chattanooga

& St. Louis; Chicago Great Western, and Virginian Railways were

chosen for publication as being representative standards of reinforced

concrete culverts.

The drawings submitted by those roads were harmonized by desig-

nating the same dimensions on each by capital letters, and the location

and spacing of the reinforcing metal by small letters. Tables of di-

mensions and quantities similar to those for the plain culverts were

prepared and filled in by the several roads, and in this case drawings

of each standard are published, as here a composite design would not

answer, owing to the too great variation in the designs of the four

culverts.

The tables and drawings submitted present in a condensed form the

dimensions and yardage of ninety-seven plain and reinforced concrete

cu'verts.

INDEX. PAGE

Composite Design (Typical) of Plain Concrete Arch Culvert 134S

PLAIN CONCRETE ARCH CULVERTS.
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Erie Railroad 1349

Nashville, Chattanooga & St. Louis Railway 1356

National Transcontineni il Railway 1364

New York Central & Hudson River Railroad 1369

Union Pacific Railroad 1374

REINFORCED CONCRETE CULVERTS.

Plans of Standard Reinforced Concrete Culverts:

Chicago Great Western Railway 1380

Illinois Central Railroad 1385

Nashville, Chattanooga .V- St. Louis Railway 1392

Virginian Railway 140S

Dimensions of Standard Reinforced Concrete Culverts:

Chicago Great Western Railway 13S1

Illinois CentraJ Railroad .1386

Nashville, Chattanooga & St. Louis Railway 1393

Virginian Railway 1409
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Erie Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

3 ft. Culvert 4 ft. Culvert

Barrel Pern Lineal Ft.



Erie Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

5 ft. Culvert 6 ft. Culvert

Barrel Per Lineal Ft.



Erie Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

8 ft. Culvert 10 ft. Culvert

Barrel Per Lineal Ft. . 2. 784 Cu Yos



Erie Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

12 ft Culvert 14 ft. Culvert

Barrel Per Lineal Ft. . 4-792Cu Yds.



Erie Railroad.

MATERIAL IX STANDARD PLAIN CONCRETE ARCH
CULVERTS.

16 ft. Culvert 18 ft. C Ivert

Barrel Per Lineal Ft. .6-703 CuYos



Erie Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

20 ft. Culvert

Barrel Pen Lineal Ft. . 8087 Cu Yds.
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Nashville, Chattanooga & St, Louis Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

10 ft. (A.) Culvert 10 ft. (B.) Culvert

Barrel Pen Lineal Ft. , 4.620 CuYd*.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

10 ft. (E.) Culvert 10 ft. (F.) Culvert

Barrel. Per Lineal Ft.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

10 ft. (G.) Culvert

Bar*el. Per Linlal Ft. . 30/7 Cu Yd*



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

12 ft. (C.) Culvert 12 ft. (D.) Culvert

Barrel Pen Lineal. Ft. .4453 Cu Yds



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.





National Transcontinental Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

6 ft. Culvert. 8 ft. Culvert

Barrel Per Lineal Ft. ,1.52 CuYos.



National Transcontinental Railway.

MAT!-. RIAL IX STANDARD PLAIN CONCRETE ARCH
CULVERTS.

10 ft. Culvert 12 ft. Culvert

Barrel. Per Lineal Ft. • 2-7/ Cu Yds.



National Transcontinental Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

14 ft. Culvert 17 ft. Culvert

Barrel Per Lineal Ft. • 4. 18 Cu Yoi



National Transcontinental Railway.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

20 ft. Culvert

Barrel Per Lineal Ft .7-04 Cu Yot





New York Central & Hudson River Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

3x4 ft. Culvert. 4x6 ft. Culvert.

Barrel. Per Lineal Ft . O 943Cu Yd.



New York Central & Hudson River Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

6x6 ft. Culvert. 8x8 ft. Culvert.

Barkel Pen LineAt- Ft



New York Central & Hudson River Railroad.

MATERIAL IX STANDARD PLAIN CONCRETE ARCH
CULVERTS.

10x10 ft. Culvert. 12x12 ft. Culvert.

Barbel Pen Lincal Ft . 5,403 GuYo*



New York Central & Hudson River Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

15x15 ft. Culvert.





Union Pacific Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

3 ft. Culvert 4 ft. Culvert

Barrel Per Lineal Ft.

PAvi.ti, in Bol.Per Lineal. Ft.

Pa visa Between W'/hG WaluS

2tPortalS(»' Walls & Phrapctj)' 7 44

34 CuYos.

.110 Pa vina in Bbl.Pcr Lineal Ft.

Z84 Pa/inc Bltwecn H/m<s Walls.

Curtain Walls /Ft. Deep 492
Z-Portals(W. Walls j,Pafiapets)^I0.7O

Barrel Per Lineal Ft. .53 CvYes.

. 148

-4.36

Curtain Walls I- Ft Deep. 580



Union Pacific Railroad.

MATERIAL IN STANDARD PLAIN O >NCRETE ARCH
CULVERTS.

5 ft. Culvert 6 ft. Culvert

Barbel. Pen Lineal Ft ••7 7 CuYos.



Union Pacific Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

8 ft. Culvert 10 ft. Culvert

Barael Per L,neal Ft . 1-58 CuYoi



Union Pacific Railroad.

MATERIAL IX STANDARD PLAIN CONCRETE ARCH
CULVERTS.

12 ft. Culvert 14 ft. Culvert

Barrel Pen Lineal Ft. . 2.89 Cu Yds



Union Pacific Railroad.

MATERIAL IN STANDARD PLAIN CONCRETE ARCH
CULVERTS.

16 ft. Culvert

Barrel Pen Lineal Ft .4.61 CuYos.
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Chicago Great Western Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

4x4 ft. Culvert 6x6 ft. Culvert

Barrel. Per Lineal Ft. - 01 CuYos.



Chicago Great Western Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

6x8 ft. Culvert 8x8 ft. Culvert

Barrel. Per Lineal Ft. = /• 5 Co Yds.



Chicago Great Western Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

10x10 ft. Culvert

Barrel. Per Lineal Ft • 3 Cu Yds
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Illinois Central Railroad.

M \TKRIAI.S IN STANDARD REINFORCED CON-
CRETE CULVERTS.

4x8 ft. Box Culvert (Wings) 8x8 ft. Culvert (Wings)

Barrel Per Lineal Ft. - /4S Cu Yds.



Illinois Central Railroad.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

4x8 ft. Culvert (Head Wall) 8x8 ft. Culvert (Head Wall)

Bama. ftft Lineal Ft. - J.45 Cu Yds.



Illinois Central Railroad.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

10 ft. Culvert 12 ft. Culvert

Barrel Per Lineal Ft - 3-0£ CuYos.



Illinois Central Railroad.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.



Illinois Central Railroad.

MATERIALS IN STANDARD REINFORCED CON
CRETE CULVERTS.

16x12 ft. Culvert 16x13.5 ft. Culvert

Bsma. Per Lineal Ft. - 64 Cu Yds.
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Nashville, Chattanooga & St. Louis Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

4x3 ft. Culvert 4x3.5 ft. Culvert

Barrel PtR Lineal Ft. - a9£3Cu Yds \ Barrel Per Lineal Ft. /0Z8Cu.Yds.



Nashville, Chattanooga & St. Louis Railway.

MATERIALS IX STANDARD REINFORCED CON-
CRETE CULVERTS.

4x4 ft. Culvert 4x4.5 ft. Culvert

B/tmtL Per Lineal Ft. - 7093Cu Yos



Nashville, Chattanooga & St. Louis Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

4x5 ft. Culvert 6x3 ft. Culvert

B*mtL Per Lineal Ft. - /.£2ZCu.Yds.



Nashville, Chattanooga & St. Louis Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

6x4 ft. Culvert 6x4.5 ft. Culvert

Barrel Per Lineal Ft. - 7.497



Nashville, Chattanooga & St. Louis Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

6x5 ft. Culvert 6x5.5 ft. Culvert

StmiL Per Lineal Ft - z.662CtfYos.



Nashville, Chattanooga & St. Louis Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

6x6 ft. Culvert 8x3 ft. Culvert

Bamel PlRLi*LAi.Fr - 7.029



Nashville, Chattanooga & St. Louis Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

8x4 ft. Culvert 8x5 ft. Culvert

Brrril Per Liheal Ft -/ #07Curbs.



Nashville, Chattanooga & St. Louis Railway.

MATERIALS IN STANDARD REINFORCED CON-
CRETE CULVERTS.

8x5.5 ft. Culvert 8x6 ft. Culvert

Burnet. Pek Lineal Ft. - 2/65Cu Yos.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IX STANDARD REINFORCED CONCRETE
CULVERTS.

8x6.5 ft. Culvert 8x7 ft. Culvert

Ba*rel EtR Lineal Ft. -2.3<50CuYos.



Nashville, Chattanooga & St. Louis Railway.

M VTERIAL IN STANDARD REINFORCED CONCRE1 E

CULVERTS.
8x8 ft. Culvert 10x4 ft. Culvert

Barrel Per Lineal Ft. -z.<Z£0^C</Yas.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

10x6 ft. Culvert 10x7 ft. Culvert

Burnt



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

10x7.5 ft. Culvert 10x8 ft. Culvert

B**frti. Per Lineal Ft. -3.235 Cu. Yds.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

10x8.5 ft. Culvert 10x9 ft. Culvert

Bmhul. Per Lineal Ft. - 345? Cu Yos.



Nashville, Chattanooga & St. Louis Railway.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

10x10 ft. Culvert

B**ml- Per Lineal Ft. - 3.790Cu.Yos,
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v 1 1 y i u a 1 1 nauvvaj,

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

2x2 ft. Box Culvert 2x3 ft. Box Culvert

Barrel Per Lineal Ft

2 Portals (Z Lnd3 Outside rffl) '~5f7 Cu Yds

2 (2 • ) I51I.ILK Metrl

Ba/TREL

-o.t>SZ2.Ci/ Yds Barrel Per Lineal Ft *O.T7/4# Cu. Yds.

BARHLi~[jO>Luiin2r4')xli>J7tli 4Z#7 Lbz Mct*l Bhrkel -{(Goimm.-4)Al&.sjj]-i-iZoi

L

as Metal

2 Portals (ZEnds 0u7sioaflfihf.36 Cu Yds

2 (2 )~l77.A6LBsHcmL

Total inCulvert

Cu Yds ^Metal \Fezt\Culvert Cu Yds *Metal Cu. Yosf/fsrAL
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Virginian Railway.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

3x2 ft. Box Culvert 3x3 ft. Box Culvert

Bamkl Per Lineal Ft. Z073H-Cv'Yos-
BtfiREL -&c}>lum/iZ-J)x2/. O+JJMZOILbs Metal. BflKKEL --RcolumnZt 4)^ZJ^QhZ^Lbs.Mctal

Barrel Per Lineal Ft. /. /*?/ Cu. Yds.

2 Portals (2 Ends Outside flfl)*\5.7"? Cu. Yds 2 Portals (2Ends Outsidefifth 8.S/ Cu. Yds

(Z - )•£/&/ LbsMethl

Barrel
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Virginian rtaiiwdy.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

3x4 ft. Box Culvert 4x3 ft. Box Culvert

2 Portals (2 Ends Outside /?/?)• 17.7+ Cu. Yds

BMytti. Per Ureal Ft. -1. 3185 Cu Yds.

34WU:£CeLuMrt2-^x53.56fJ>+ZO?LOS./lbT*L

Barrel Per Lineal Ft. •/.22?6Cu. Yds.

2 Portals (2 Ends OutsideflAh 373 Cu. Yos

)• -4Sf Lbs Mewl.
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Virginian Railway.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

4x4 ft. Box Culvert 4x5 ft. Box Culvert

Smmti PerUhealFt. -/. 4074 Cu Yds.

Bniuw.-BlGoLiiHm-6>')(5i36t3t1/.83 LbsMethl. d/f/jREj.=iCouM/f2-S>3S6^J*-l4f.2/ Lbs./Ietal

2 Portals (2Ends Outside /?/!)•J7?<f> Cu Yds

f/lL/ml£NGTH

Fe£t\

cill iM/e

fcET. \Cu.

(2 - ) =7/6. 6 Lbs Mewl

B/7RREL..

Cu. Yds *Metal
Total inCuu/crtyill in

f££T.Cu Yds *#£!.

Barrel Per Lineal Ft. •/8SZZCu. Yds.

2 Portals (2Ends Outside71AhZ7.46 Cu. Yds
- as
Length

Culvert

)"/o77.8LbsHetrl.

Barrel .

Cu Yds *Metal

7oTRLInGuL\/ERX

CuJpsf/YETAL

,?? 45. 04 /49fi*9 63. Qo 2/93:09

to
.
33- 492 6/645:/? 67. -ZZ 23357* 10 732. 39.27 737J7./7 Z2±Z£ 243221

II 2jv 53.4? /fair. s7

12 <4-l S7./Q /?(6.f6

7/.-44 ££24jtl

73766 2677.77

II Z>6~ 44-.S'3//3377 94.3 O zwjg.
iz H2_ /6>.3Z /9o%/7 ?ua

13 44. 47.92 2127.26 79.S*9 2Z37.37 13 4lL
S32L3L

76'34 2QZS/A /0T.4-2 3/62.9/.

i4- <77 6r474?2r73s\-Z4./7 2998.33

15 5j>_ 70.37 P44t.64\^S.33

\4 ±±. Zl±l 22-67/6 /70-S>7 (JttZ-%

2M2M. 15 4JL &7. Q5 P437/S 776-53 3£t£2£
16 S3 74-. S9 Pt.nl.13 9Z.SV S.V1.93 a j^ 9>£

6

2££U£Ll£&£2 369a-X

17 £<L. 7Zr/ £.770. o? \6J2L 3322£i 17 *£3_ 9*76 £7*5/5 727.64- $2M£±
IS A2_ 773 c3 a9.10.7Z 707.00 2*47.32. 18 0-6 70372 FJ6S.I4- 733-26 4£&3±
19 42Z. Z7-ZS lOll.4 I //>S-.2S 3S-QZ.OI I? £3_ 7&ZSJL 3/4/.&, 73?-76-ttH-9}

ZO 46~ 9/4/ =J232./7 /0<).44 3162-70 20 j&L. 7/4.*3 33/7-/3 624,21 +22+22.

Zi ^5.69 u-jp.79 7/.J.66 4/23.31 ZI 65- /26>.3>? 349Z-/3 749.97 4-570.93

Z2 -ZL- 223? w.y.+f //7. v3 42e*0'> 2Z As_ 725.95 36,62./

3

733.43 4746dk

23 J4- /'04.74 3734./? 722.// 4147.7? 23 2A. 73/..ff0 3345/2 /4Q.9X+32231

24 JZ. 7/>Z3 7 389481 726.33 76.QS.47 24 74 73/06 4c £//£. 766.5~4 5033.9I

Z5 SO 777^.40 4Q33.S6

26 .££ 7/6, 7771 42/6.
Z.SY34

.

7'7

25
26

JZ- 742-62 4/97.1/ /72/Q 32M&L
Z~o s4&77 43/3// /7/.55 54-So9/

27 ^6 727.<?4 1376.94 733,Q0
28 ^9 /2>.4.B6 4S37. 64 /-<a£Z
29 2^. 7£°>3-Z 969Z.33 747.44-

30 2£. /.7.-3.7Q 4I739.CB. /3-/. 6~6

31 2^_ 737.921 3~Q/9-7/

J-0ff7S3

3~a4e.B^

,3~4W-93

3-&r2/n
/3$:a9 j7St>3/

zz £3_ 7S3-73 4S49./7 7?3-2/ 3-6796-%

Z8 s-< 7.49.P9 47£S-/c /er.77 3Zo2-9t>
<

2? 5-9

ZO ^_
31 95

764.vf4-9o/-/o 7M&2Z228&
7/<3<4Q 3-Q77. el

/7J&6 fZtt.ol 2 QS'44 4330.151

/??. zr67S4.e}

32 /tj7 74ri74 S/gQ^ho 760.7/ fS9/.J/ 32 _2^ 7Z/.S7 *42?x>') 270.996S6 6.is:

33 /<?4 /4&2Z$5±UO_ 764.33 6037.70 33 7^27- 7??7.s>7 3~6os.ot 276.ffSi6S2.SS

34 / 7 7SQ..59 SSo/. 79 768.SS 67>/f.33 34 704 79^63 3r7#/.g? 222/7 68s~gs7

35 '^L£l 7.34X/ $66248 772.77 6373.Q2 35 707 79#-/S'??f7.o7£27-6(> 703497

3t 7/7? 739.Q3 57123.1

7

777.^0 6333-7/
.

36 770> 7=03-74 6733.07 23^-22 72/0*7

37 /AtL /S3.SS ?9&3S-6 /2-7.2 EL 4694.4) 37 7/3- 209-30 630"). 23*7? 7396.3f.

38 7/9 767.4Z Q44.S6 733.44 6S33.76 38 7767 2748S- 6477s.76 244.31 /S62. 8-6

3? 722 77/.77> 65>G3^-/*?.44 70/.TSS 3? //9 Z2>0.47, 666/.Q6 2?49.*9 773Z&&

40 722 5- /7,r.92 646S.94 7 93-P? 7/76.34 40 /2>2- e2?5:97 g837.nS 2SS.4S 7?74- ff.T.

41 Z^SL /tfo./4 7426 43, 79%.// 7337.23 41 23/7>2 70/3.OS 26/oa &Q9C.8S

42 7^7 /#43 7 6Z&7-32 2QP.3 3 7497.93 4Z 729 /=37.qif
,

7/8?.03-_ £££S£V2MH
43 />?4 777^.^9 494X.02. 2Q6-S5 76S2-4< 43 /37_ 2>42-6f /J*?** 272-// 34-42.81

44 7.3 7 792.S/7/0g.77 270.77 7f79.31 44 7^4 274S-/9 7S4/.04 277.67 «£&££

45 74Q 797.Q3 72694C 2./5 oo 79&&.QC 45 '37 2S3.73 F7/7.C-3 2S-323 &734.fn

46 /4? 20/2.67430.09 2/9.22 S/4Q7-7 4-6 74O 2.TJL3/ 7293-03 28,Z./?
\

zazosi

47 74 6 2o3~.4-Z /SfQJS' L?2 r>.44&30/.3? 47 743 264.?6 8-069.0$ g24£± l/fAXi

48 74 9 20.76 77&.4Z P27.66 946B0i 48 ,/44 ?/0.4c V$4So2 aiaaggaaac
4? 775T2? 2/3.<)2. 7/72/7 23 /sk &6?a7? 49 449
50 755- S/&/4 7072-86 236-// \z7g3fH 50

2/3-38 V42/.Q2- 3QS:4£94J2.9>

/52 b*S96-9f\3"-0' % ^4-7f
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Virginian Railway.

MATERIAL IN STANDARD REINFORCED CONCRETE
CULVERTS.

4x6 ft. Box Culvert

8/i/nti Pe*Lihe*lFt. -Z.IZH- Cv Yds

EvifWELrlZ^MZ- fJ*& "sJt+17?83 LBS METAL

Z Portals (2

C

NoaOuKwe. /Tfi)' +3J3Cu Yds

Z (2 » Jl ; ) -ISS3.8LK.HtTm.

Fiu.m\Leh6th Barrel.

Barrel Per Lihl/il Fr. Cu Yds.

lbs Mctal

2 Portals (2 Ends Outside flflh_

2 - (2 -
_

'
Cl/.Yds

Lbs Methl

Total iffGuLtfERT
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DISCUSSION.

The President :—In the absence of the chairman of the Masonry
Committee, the vice-chairman, Mr. W. H. Petersen, of the Chicago,

Rock Island & Pacific Railway, will present the report of the Com-
mittee.

Mr. W. II. Petersen (Chicago, Rock Island & Pacific) :—The Com-
mittee was assigned to work on seven subdivisions. The first sub-

division was in connection with the Joint Committee on Concrete and
Reinforced Concrete, in connection with the American Society of Civil

Engineers, the American Society for Testing Materials, the Association

of the American Portland Cement Manufacturers and this Association.

This sub-committee made a progress report in the fall of 1908, and

your Committee has taken this report and revised the concrete specifi-

cations and added to it the specifications that you find recorded for

reinforced concrete.

The sub-committee that was appointed to report on the failure of

concrete structures collected a large amount of information in regard

to various failures, but it was not in such shape that we could make a

report to the convention.

The report on waterproofing of masonry was a progress report, and

that subject should be continued during the coming year.

As to the report on typical designs of reinforced concrete trestles,

the Committee felt that there has not been a sufficient number of these

nestles built by the different railroads in the country to warrant the

making of a definite recommendation. But they have made a progress

report showing how much has been done by the several roads which

have furnished information and about what it has cost these roads to

do the work.

As to the report on retaining walls and abutments, the Committee

has shown the various designs used by the different railroads in the

country, and has also shown a method of calculating the pressure upon

the foundation, but the Committee does not feel that this is a correct

formula, but that if we had sufficient data there is no question but

that this formula should be revised. It is deducted from Rankin's

formula.

The report on the desirability of monolithic construction was made,

as you will find in the conclusion, and the specifications for reinforced

concrete have been revised and will be found in the conclusions.

The President :—The chair will ask the Secretary to read the con-

clusions in order.

The Secretary :
—"The following conclusions are submitted for

adoption: (1) The use of all monolithic construction in arches or large

abutments with wing walls, where practicable.

1415
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"(2) That the report on retaining walls and abutments be re-

i < i\ ed as information.

"(3) That the Specifications for Portland Cement Concrete and
Reinforced Concrete be adopted as good practice, and substituted for

the Portland Cement Concrete Specifications now appearing in the

Manual."

Mr. C. F. Loweth (Chicago, Milwaukee & St. Paul) :—I move that

the recommendation of the Committee be not concurred in. My reasons

are, first, the meaning of "monolithic construction" is not clear; second,

there docs not appear to be sufficient warrant for the conclusion. Re-

ferring to tlie preceding pages of this report, where the Committee sums
up the practice of various railroads, it is seen that in the construction

of arch rings but seventeen out of thirt) seven follow the practice of

monolithic construction recommended by the Committee, and in the eon

struction of arch abutments but fourteen out of thirty four railroads

do so. The practice recommended may be preferable in some cases

and for certain designs, but in many it would undoubtedly possess no

advantages from the standpoint of better construction, and might even

be a disadvantage, and, in more cases than otherwise, the practice would

add largely to the cost of construction,

Mr. Petersen:—The whole question hinges upon the definition ol

the word "monolithic." If you consider a monolithic construction as

one that is continued over four or five days' work, and each portion as

a part of the portion that was put in the day before, we should change,

possibly, the recommendation ; but the Committee has considered that

"monolithic" should really be the amount that is put in in any one

operation, and if you consider it in that light—you could not very

well, in the abutment or retaining wall, put in over 50 feet in one

continuous operation unless you were working day and night con-

tinuously—and in that case we felt that the word "practicable"' would

cover the case and we would stop at a limit of about 50 feet.

Mr. C. P. Howard (Lake Shore & Michigan Southern) :—I ask

the Committee whether conclusion 1 means that concrete arches of

large spans should be built in voissoirs—along radial lines in voissoirs

—

or not?

Mr. Petersen:— I should say not, as a rule; one operation would
mean one day's work, and that you would have a definite separation

at the end of each day.

Mr. C. P. Howard :—My opinion is that it is generally better prac-

tice, in arches of large spans, say over 15 or 20 feet, to build the arch

rings with joints along radial lines. I do not see how. under usual

conditions, it would be possible to insure monolithic construction on

a heavy railroad arch bridge, say, of 100 feet span. If the work should

stop for an hour, a horizontal line of cleavage might be established

which would endanger its stability.

Mr. Petersen:—By reading the report you will find that the roads
were about equally divided, that one-half of the roads built the arch
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ring with the concrete at right angles to the axis, each operation being

a day's work, and that one-half, or the balance of the road?, laid the

concrete parallel with the axis.

Mr. C. H. Cartlidge (Chicago, Burlington & Quincy) :—Inasmuch

as the settlement of this question depends largely on the word "mono-

lithic," I would urge that the motion be carried and the recommendation

be not adopted until such a definition of the word "monolithic" can be

set before us as will remove all doubt as to the meaning of the word.

The President :— It is moved and seconded that recommendation

t, i ) be stricken out.

(Motion carried.)

Mr., Cartlidge:— I move that recommendation 2 be received and

approved.

The President :— It will be, if there is no objection. The specifi-

cations referred to in conclusion 3 are found on page 436.

Mr. Jos. O. Osgood (Central Railroad of New Jersey) :—I move

that conclusion 3 be rejected and the matter be referred back to the

Committee.

Mr. L. C. Fritch (Illinois Central) :— I second the motion.

The President:—It would aid the Committee considerably if there

was a little discussion on the motion, giving the reasons for it.

Mr. T. L. Condron (Consulting Engineer):—As the Committee has

spent considerable time on this specification, and does not have in its

membership some of the engineers most deeply interested in this sub-

ject, I am sure that even without the adoption of the specifications, it

might be valuable for the Association to give consideration here to the

same; not necessarily every paragraph, but some of the more impor-

tant ones, for the guidance of the Committee in any revision of the

specifications.

Mr. Richard L. Humphrey (Consulting Engineer) :—In the prepara-

tion of this specification for Portland Cement Concrete, the Manual

was followed as a guide, and those portions of it which did not appear

to be up-to-date were modified as they appear printed in the report

of the Committee. In some cases the paragraphs were not changed.

If the members of the Association have any objection to them, we

think it is due the Committee that those objections be stated. The

specifications as they exist and as they apply to Portland Cement Con-

crete I believe are good, and if they are not, nothing will be gained

by reference to the Committee, and we, therefore, think that those

who object should criticize them in detail, otherwise, how can the

Committee hope to make any progress? If that is not done we will

report the same specification next year.

In the matter of the specification for steel, perhaps there may also

be an equal chance for discussion and expression of opinion that will be

of decided service to the Committee as expressing the opinions of the

members of the Association on that important point.
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I hope the members will freely discuss these specifications in order

that we may find out wherein there is objection, and I hope there will

be no objection to the Secretary reading the paragraphs and to a full

discussion.

Mr. L. C. Fritch :—In seconding the motion to refer this back, I

do not wish that to be understood as a criticism on the Committee's
work, which is excellent; but this Bulletin containing the specifications

was not in our hands for a sufficient time for us to analyze the specifi-

cations. I think we should have time to thoroughly digest them. I

believe it would be a good idea to take up these important paragraphs

and discuss them here, but I do think the Association should have
time to thoroughly digest these specifications before adopting them.

Mr. Osgood:—In making the motion to refer the matter back, it

was without any idea of showing any lack of appreciation of the work
done by the Committee, which has been excellent, but because it seemed

to me that what was presented was not in shape to be adopted.

Mr. Cartlidge :—I move to amend the motion before the house to

the effect that the whole specification beginning on page 436 be read,

paragraph by paragraph, so that the members of the Association can

comment on such paragraphs as they desire.

(Mr. Osgood withdrew his motion, and the motion of Mr. Cartlidge

was adopted.)

The Secretary:
—

"Specifications for Portland Cement Concrete and

Reinforced Concrete.— 1. Cement shall be Portland, and shall meet the

requirements of the standard specifications. (See Manual.)
"2. Fine aggregate shall consist of sand, crushed stone, or gravel

screenings graded from fine to coarse, and passing when dry a screen

having J^-in. diameter holes; it shall preferably be of siliceous material,

clean, coarse, free from vegetable loam or other deleterious matter,

and not more than 6 per cent, shall pass a sieve having 100 meshes

per linear inch.

"3. Mortars composed of one part Portland cement and three parts

fine aggregate by weight when made into briquettes shall show a tensile

strength of at least 70 per cent, of the strength of 1 :3 mortar of the

same consistency made with the same cement and standard Ottawa

sand."

Mr. B. Douglas (Detroit River Tunnel) :—I would like to know
why the 70 per cent, was put in the third clause of the specification.

I have tested a good many natural sands, and never yet found nne that

I thought at all suitable for making concrete that did not show a

strength much greater than 70 per cent, of that shown by standard

Ottawa sand. It seems to me that 70 per cent, is too low.

Mr. Humphrey :—This specification was taken from the recommenda-

tion of the Joint Committee on Concrete and Reinforced Concrete.

I take it that the gentleman does not object to a test of the material,

but merely to the percentage of strength as compared to the standard

Ottawa sand. The sands from different parts of the country vary
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widely in quality and value, and to start off with a specification too

high would be, perhaps, bad ; this specification is proposed for the pur-

pose of having the same careful consideration and testing given sand

that they give cement—for in concrete the quality of the sand is of

as much importance as the cement which binds it together—we believe

it is desirable to have that percentage not too high. It is probable that

for many sands the percentage might be raised, but I do not believe

anyone is prepared to say why it should be ; and I believe that 70 per

cent, as a starting point is conservative.

Mr. Osgood:— I ask why it is necessary to make any reference to

Ottawa sand. Why should we not specify the mechanical strength ?

We do not know anything about Ottawa sand unless we secure a

sample of it, but we do know about the sands we get and what we
can get from them. I do not believe there is any difference with

ordinary good sands, in the strength of the product. I cannot see any

good reason why we should make any reference to Ottawa sand.

Mr. Humphrey:—The only reason is that in the standard specifica-

tion for Portland cement, standard Ottawa sand is required, and it

seems desirable to adhere to the sand, which is used as the standard

of comparison for cement, also as the standard of comparison

for sand. It is possibly true you may be able to obtain higher values

for the sand of your particular locality, but for a broad general

specification you cannot express it in figures, and there is a decided

variation, as shown by many tests, in the quality of sands apparently

of the same character in different parts of the country; the only way the

real value of the sand can be determined is by physical tests and not

by visual inspection.

Mr. Osgood :—Would it not be well to specify so many pounds to

the square inch?

Mr. Humphrey:—The object of this test is to correlate the test of

the sand with the test of cement ; to fix an arbitrary standard value,

would not apply to all parts of the country, but if you use as a basis

the percentage of the strength of the mortar from the mixing board, of

strength with the same cement and standard Ottawa sand, you get a

definite basis applicable to all parts of the country.

Mr. Osgood :—It seems possible to take neat cement and make a

test of that kind which would give information as to the cement. I

do not like the idea of lugging in some special sand, of which we must

procure samples to test our cement.

Mr. Humphrey:—I think perhaps the gentleman is somewhat con-

fused in his ideas concerning the matter. The idea of this test is to

determine the strength of the mortar taken from the mixing box; the

strength of sand depends on the gradation of the particles, surface

coating and a number of other elements, and the only way in which

you can tell if the sand is suitable is to make mortar and see what

strength you get, as compared with your laboratory test of the same

cement and standard Ottawa sand.
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Mr. Osgood:—I still cannot see why we cannot be satisfied with

our local sands if we know they will produce the results.

Mr. Humphrey :—I feel in the matter of concrete, which is one of

the materials that is coming into greater and greater use in railroad

construction, that it is high time that we began to study some of the

other materials that enter into its composition and to specify more

rigidly as to the qualities of other materials, besides the cement.

Standard Ottawa sand, after many years of research by the Committee

mi Uniform Tests of Cement of the American Society of Civil Engi-

neers, and the Committee of this Association, and others, has proved

to be a good standard. This Committee simply endorses that standard,

and recommends that you measure the value of the sand you are going

to use in the concrete by comparing its strength with Ottawa sand,

made of the same cement and of the same consistency.

The President:—There will be no vote taken on the paragraph-,

the discussion being merely for the information of the Committee.

Mr. T. L. Condron :—Possibly Mr. Osgood has failed to take ac-

count of the fact that paragraph I of the specifications reads : ''Cement

shall be Portland, and shall meet the requirements of the standard

specifications (see Manual)." Referring to the Manual, page no,

under "standard sand," it says : "For the present the Committee

recommends natural sand from Ottawa, 111.," etc. We have not at-

tempted to revise the portion of these specifications, that is already

a part of the recommended practice in the Manual.

The Secretary :
—

"4. Coarse aggregate shall consist of crushed

stone or gravel, graded in size, and which is retained on a screen having

54-in. diameter holes ; it shall be clean, hard, durable and free from all

deleterious material. Aggregates containing soft, flat or elongated parti-

cles shall not be used."

Mr. Loweth :— I can say, without fear of contradiction, that good

clean crushed stone with the dust and fine particles left in makes an

excellent quality of concrete, and I see no reason why we should ex-

clude the screenings.

Mr. Humphrey :—The idea of the specification was to separate the

coarse aggregates from the fine aggregates. The fine aggregates to

which you refer can be used under paragraph 2. There is no attempt

tc rule out the crusher screenings.

Mr. Loweth:—Do you mean they shall be handled separately?

Mr. Humphrey :—Not necessarily, but we think it preferable to

separate the two.

Mr. Loweth :—We think it preferable not to separate the screenings

from crushed stone, as when they are separated it is harder to get

a uniform mixture. We prefer to use crusher run stone, just as it

comes from the crusher ; in the winter months we prefer screened

stone because it is easier to handle when frozen.

Mr. Fred Lavis (Pennsylvania Tunnel & Terminal) :—I think the

recommendation of the Committee is the better one in this case, on
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account of the difficulty in determining the amount of fine material

in a run of the crusher stone. I have had some considerable experience

in that line, and if run of the crusher stone is used it is undoubtedly

often difficult to get proper proportions of fine and crushed stone.

Mr. O. P. Chamberlain (Chicago & Illinois Western) :—In regard

to the use of stone screenings, in speaking of the recommendations of

the Committee, I think the Committee's recommendations are now in

proper form. The commercial stone as it is sold by most of the

concerns that handle that commodity is screened at the crusher. Those

screenings are a simple product, and mixing it with sized crushed stone

for concrete, you can use it in place of sand. While I believe, as Mr.

Loweth has said, that crusher run stone produces a very good concrete,

there should be some means of determining the amount of screenings

you are using in a concrete, and you cannot do that unless you have

the screenings separated from the larger stones of the aggregate before

the mix is made. It seems to me that paragraph 2 in the specifications

covers the screenings proposition, and should stand as it is.

The Secretary :
—

''5. The maximum size of the coarse aggregate

shall be such that it will not separate from the mortar in laying and

will not prevent the concrete fully surrounding the reinforcement or

filling all parts of the forms. Where concrete is used in mass the

maximum size of the coarse aggregate may, at the option of the engi-

neer, be such as to pass a 3-in. ring. For reinforced concrete, sizes

usually are not to exceed one inch in any direction, but may be varied

to suit the character of the reinforcemnt.

Mr. Cartlidge :—I would suggest that the whole of the last sentence

under paragraph 5 be left out. The question is entirely covered in

the first instance. I think the Committee must have had in mind that

reinforced concrete is made invariably in sections. There is no reason

why reinforced slabs cannot be made with 3-in. stone. I do not think

we should be limited to i-in. stone.

The Secretary :
—

"6. The water used in mixing concrete shall be

free from oil, acid, alkalies, or vegetable matter.

"7. The metal reinforcement steel shall be manufactured from new
billets, and shall meet the requirments of the following specifications,

and be free from rust, scale, or coatings of any character which would

tend to reduce or destroy the bond."

Mr. Cartlidge :—There is another requirement in paragraph 7 which

is apt to increase costs. It is pretty well understood, I think, that rust

in small amounts on reinforcing rods is the cause of no trouble, and

that the rust is absorbed by the concrete soon after the rods are placed

in position. I think the section should be modified by making it read,

"and be free from injurious or excessive rust, scale or coatings of any

kind."

Mr. Humphrey :—I think the clause covers that. It does not say it

shall be free from rust, but "free from rust which will tend to reduce

or destroy the bond."
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The Secretary :
—

"8. Steel shall be made by the Bessemer or the

open-hearth process."

Mr. Humphrey :—The Committee strikes out "Bessemer or the" in

paragraph 8.

The Secretary :
—

"9. The chemical and physical properties shall

conform to the limits given in the table."

Mr. Petersen:—The table in paragraph 9 was changed at a meet-

ing of the Committee, and the 0.085 in the high-carbon steel was
changed to 0.088, and the 1,400,000 was changed to 1,200,000.

Mr. Cartlidge :— I rise to protest against the exclusion of Bessemer

steel from use in reinforced concrete. It is true that in small pieces

certain variations will occur in the character of the material, but they

are very readily taken care of in the large factors of safety which are

used in designing reinforced concrete. I do not believe Bessemer steel

should be omitted.

Mr. J. P. Snow (Boston & Maine) :—I assumed the omission was
made in paragraph 8 to make it conform to the table of physical re-

quirements. Bessemer steel could not be produced as it is now made
in this country to conform to the limits shown in this table.

Mr. J. E. Greiner (Baltimore & Ohio) :—I do not think the Com-
mittee has fully considered the question of the character of steel to be

used in reinforced concrete. I do not see why the steel used in the

reinforced concrete should not be just as good as steel used in any

other class of construction. The specifications that this Association

has adopted for bridges and structures of that character call for a steel

which is suitable for reinforced concrete. It is a good steel, and is

recognized as a proper quality. They propose here to use a high-

carbon steel, the only result of which will be the skinning down of the

amount of material that is used for reinforcing concrete to some extent.

It will be made of inferior material, and it is doubtful if it can be

obtained in accordance with the specifications.

Mr. Cartlidge:—I am not prepared to state what limits should be

placed on the requirements for Bessemer steel, but I take exception

to the statement that low carbon is best fitted for use in reinforced

concrete. I believe the contrary is true, and a high-carbon steel should

be specified, and as to that I believe the Committee has taken the

proper stand, and I think they have already changed the limits in such

manner as will provide for the safeguarding of the material, but

Bessemer steel should be included.

Mr. Greiner:—I do not think Bessemer should be kept in. It is

not used, except for an inferior grade of work. You can get open-

hearth steel at about the same price as Bessemer steel. It is recog-

nized that open-hearth is better than Bessemer—more uniform and more

desirable all the way through. If there is a choice between two
materials at the same price, practically, and one much better than

the other, I do not see why we should use the poorer grades, and I

think the Bessemer steel should be eliminated.
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The Secretary:
—

"10. The yield point, as indicated by the drop

of beam, shall be not less than 60 per cent, of the ultimate.

"11. If the ultimate strength varies more than 4,000 lbs. from that

desired, a retest shall be made on the same gage, which, to be ac-

ceptable, shall be within 5,000 lbs. of the desired ultimate."

Mr. Petersen :—The Committee has changed the wording of para-

graph 11 to read as follows: "The ultimate strength of structural steel

shall not vary more than 5,000 lbs., and the high carbon steel more
than 8,000 lbs. from the desired ultimate."

Mr. Condron:—We may save time if I mention that the next few
paragraphs are copied directly without change from the specifications

that have already been adopted by this Association for structural steel

;

it may not be necessary to take them up in detail. The next paragraph

that has any change in it, as I recall it, is paragraph 20, but that is

the only succeeding paragraph in which there has been a change made
in the structural steel specification.

Mr. Loweth :—I would suggest that more study be made of pages

437 and 438, so as to make the specifications more clear as to the two
widely different kinds of steel reinforcement. The simplest reinforce-

ment is made by bars straight or bent to simple forms, and the speci-

fications for this material should be quite simple and different from
that of the more complicated reinforcement made of shapes and plates

riveted together, much the same as the light structural work, and the

Committee should simplify the requirements for this latter kind of re-

inforcement
; it appears to be so seldom used and is so special in its

character that it would probably be best not to attempt to specify it

in such detail as has been done, but, where necessary, to cover it with

a supplemental specification, and in many cases a simple reference to

the specifications for structural steel which have already been approved

by this Association would be sufficient.

Mr. Condron :—That was discussed in Committee, and I believe it

was the sense of the Committee, although there was not a full attend-

ance, that the high carbon steel specified here should be limited by a

clause saying that the specifications apply to rods and bars only. It

was not intended to be applied to shapes or other material that might

be punched and otherwise treated before it goes into the structure. I

think the Committee will make that change and perhaps clear up the

matter Mr. Loweth suggested.

Mr. Snow:—I suggest that the reading of the paragraphs to No.

20 be omitted.

The Secretary :
—

"20. Every finished piece of steel shall have the

melt number and the name of the manufacturer stamped or rolled

upon it, except that bar steel and other small parts may be bundled

with the above marks on an attached metal tag.

"21. Material which, subsequent to the above tests at the mills,

and its acceptance there, develops weak spots, brittleness, cracks of

other imperfections, or is found to have injurious defects, will be re-
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jected at 'ho shop and shall be replaced by the manufacturer at his

own cost.

"22. The materials to be used in concrete shall be of uniform quality

and so proportioned as to secure as nearly as possible a maximum
density.

"23. The unit of measure shall be the barrel, which shall ln-

takcn as containing 3.8 cu. ft. Four bags containing 94 lbs. of cement

each shall be considered the equivalent of one barrel. Fine and

coarse aggregate shall be measured separately as loosely thrown into

the measuring receptacle.

"24. The fine and coarse aggregate shall.be used in such relative

proportions as will insure maximum density.

"25. For reinforced concrete construction a density proportion

based on 1 :6 shall be used, i. e., one part of cement to a total of six

parts of fine and coarse aggregates measured separately.

"26. For massive masonry or rubble concrete a density propor-

tion based on 1 :g shall be used."

Mr. Chas. S. Churchill (Norfolk & Western) :—No. 26 says "a

density proportion based on 1:9 shall be used." Is not that too positive?

Mr. Snow:— I think what Mr. Churchill says in regard to 26 will

also apply to 25. I think the Committee should ameliorate that con-

dition a bit.

The Secretary :
—

"27. The ingredients of concrete shall be thor-

oughly mixed to the desired consistency, and the mixing shall con-

tinue until the cement is uniformly distributed and the mass is uniform

in color and homogeneous.

"28. Methods of measurement of the proportions of the various in-

gredients, including the water, shall be used, which will secure separate

uniform measurements at all times.

"29. When the conditions will permit, a batch mixer of a type

which insures uniform mixing of the materials throughout the mass

shall* be used."

Mr. Chamberlain :—In paragraph 29 reference is made to a batch

mixer. I ask the Committee whether the matter of a continuous

mixer was discussed. I presume it was. There are continuous mixers

"ii the market that do satisfactory work at the present time, and I

think it will be only a question of a year or two when they will be

more satisfactory. That is the logical machine, if it can be built to

produce a proper mixture.

Mr. Humphrey:—The Committee is of the opinion that one of the

most important things in the preparation of concrete in order to obtain

the greatest strength from the materials is the manner of mixing. One
of the main essentials in the attainment of this is that all ingredients

in the mixture shall be kept continuously together for a period of not

less than one minute, and the Committee, therefore, indicated what

they believed to be the best practice, and the surest means of getting

the best mixture, when they committed themselves to the batch mixer

;
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certainly many forms of the continuous mixers on the market do not

do that. If a continuous mixer is devised that will fulfill the require-

ments, then the term "batch" could be stricken out.

Mr. Loweth :—It seems to me we are not discriminating sufficiently

between the terms "good practice," "best practice" and "recommended
practice." It is proposed that these specifications shall be printed in

the Manual. The Manual is not a manual of "good practice," nor a

manual of "permissive practice," it is not even a manual of "approved

practice," but it is a Manual of "recommended practice," and I think

it is a fair inference that any other practice than that recommended

in the Manual is not only not recommended, but is not good practice.

Equally good concrete may be made by several different operations and

with various kinds of material, and I do not understand why we should

desire to select one of these different methods or kinds of material

and put our seal of approval on it, thereby condemning, by inference

at least, other methods and other materials which would give just as

good results, and in many other cases where not as good would give

sufficiently good results.

Mr. Humphrey :—At the discussion of this question with the sev-

eral committees composing the Joint Committee, the point raised by

Mr. Loweth was considered, and the word "batch" was omitted by that

committee, and the specification called for a mixer which would pro-

duce a homogeneous concrete, not specifying the type of mixer. This

Committee, however, thought it best to insert "batch." I think the

Committee will now be willing to accept the suggestion to leave that

word out.

The Secretary :

—
"30. When it is necessary to mix by hand, the

mixing shall be on a water-tight platform and especial precautions

shall be taken to turn the materials until they are homogeneous in ap-

pearance and color.

"a. Tight platforms shall be provided of sufficient size to accom-

modate men and materials for the progressive and rapid mixing of

at least two batches of concrete at the same time. Batches shall not

exceed one cu. yd. each, and smaller batches are preferable, based

upon a multiple of the number of sacks of cement to the barrel.

"b. Spread the fine aggregates evenly upon the platform, then the

cement upon the fine aggregates, and mix thoroughly until of an even

color. Add all the water necessary to make a thin mortar and spread

again ; add the coarse aggregates, which, if dry, should first be thor-

oughly wet down. Turn the mass with shovels or hoes until thoroughly

incorporated and all the aggregates are covered with mortar ; this will

probably require the mass to be turned four times.

"c. Another approved method, which may be permitted at the

option of the engineer in charge, is to spread the fine aggregates, then

the cement, and mix dry, then the coarse aggregates ; add water and

mix thoroughly as above.
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"31. The materials shall be mixed wet enough to produce a con-

crete of such a consistency as will flow into the forms and about the

metal reinforcement, and which, on the other hand, can be conveyed

from the place of mixing to the forms without separation of the coarse

aggregate from the mortar.

''32. Retempering mortar or concrete, i. e., remixing with water

after it has partially set, shall not be permitud.

"33- Concrete after the addition of water to the mix shall be

handled rapidly from the place of mixing to the place of final de-

posit, and under no circumstances shall concrete be used that has par-

tially set before final placing.

"34. The concrete shall be deposited in such a manner as will

permit the most thorough compacting, such as can be obtained by

working with a straight shovel or slicing tool kept moving up and down
until all the ingredients have settled in their proper place by gravity

and the surplus water forced to the surface.

"35. In depositing the concrete under water, special care shall be

exercised to prevent the cement from floating away, and to prevent

the formation of laitance."

Mr. Osgood :—In paragraph 31 it says : "The materials shall be

mixed wet enough to produce a concrete of such consistency as will

flow into the forms and about the metal reinforcement." Was it the

intention of the Committee it should be wet enough to flow without

tamping? The concrete, unless it is mere slush, will not flow around

the metal spaces unless it is tamped.

Mr. Humphrey :—The Committee's intention was that this flow

should be helped by a slicing tool.

Mr. Lavis :—In regard to that same paragraph, it is sometimes

difficult to carry out that provision entirely—for instance, in the con-

struction of tunnels, the mixer is generally on the outside and the

concrete must be carried a long distance to the point where it must

be deposited, and it usually does separate to a certain extent. It

seems to be better to allow it to do that than to make it so dry that

it will not separate. That is overcome to a certain extent by a second

mixing when it gets to the point where it is to be deposited.

Mr. McDonald:—As to the paragraph just read, about depositing

concrete under water, I think it would be well for the Committee to

emphasize the importance of guarding against laitance, not only at

points where the concrete is deposited under water, but where it is

deposited in forms. I recall instances where laitance has appeared in

the filling of columns and resulted in repairs to the building after

completion.

Mr. Osgood :—I have an instance in mind where a pier for a

double arch was spoiled by too much laitance, the work having been

left at an unfortunate period for a short time, and it was necessary

to take down a considerable portion of the concrete.

Mr. Condron :—I3oth these points are provided for in paragraph $Q,



MASONRY. 1427

The Secretary:—"36. Before placing the concrete the forms shall

be thoroughly wetted and the space to be occupied by the concrete

free from debris.

''37- When work is resumed, concrete previously placed shall be

roughened, thoroughly cleansed of foreign material and laitance, drenched

and slushed with a mortar consisting of one part Portland cement and

not more than two parts fine aggregate.

"38. The faces of concrete exposed to premature drying shall be

kept wet for a period of at least seven days.

"39. The concrete shall not be mixed or deposited at a freezing

temperature, unless special precautions, approved by the engineer, are

taken to avoid the use of materials containing frost or covered with

ice crystals, and to provide means to prevent the concrete from

freezing after being placed in position and until it has thoroughly

hardened.

"40. Where the concrete is to be deposited in massive work,

clean stones thoroughly embedded in the concrete as near together as

is possible and still entirely surrounded by concrete may be used at

the option of the engineer."

Mr. Snow :—I suggest to the Committee that they insert some-

thing as the minimum distance apart for the embedded stones, depend-

ing on the size of the pieces of the aggregate.

The Secretary:
—

"41. Forms shall be substantial and unyielding

and built so that the concrete shall conform to the designed dimensions

and contours, and so constructed as to prevent the leakage of mortar.

"42. The forms shall not be removed until authorized by the

engineer.

"43. For all important work, the lumber used for face work shall

be dressed to a uniform thickness and width, and shall be sound and

free from loose knots, secured to the studding or uprights in horizontal

lines.

"44. For backings and other rough work undressed lumber may
be used.

"45. Where corners of the masonry and other projections liable

to injury occur, suitable moldings shall be placed in the angles of the

forms to round or bevel them off.

"46. Lumber once used in forms shall be cleaned before being

used again.

"47. In dry but not freezing weather the forms shall be drenched

with water before the concrete is placed against them."

iMr. R. D. Coombs :—There is much similarity between clauses 36

and 47, and yet a difference on account of the insertion of the words

"freezing weather" in clause 47.

The Secretary:
—

"48. Wherever it is necessary to splice the rein-

forcement by lapping, the length of lap will be decided by the engineer

on the basis of the safe bond stress and the stress in the reinforcement
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at the point of splice. Splices shall not be made at points of maximum
stress.

"49. Concrete structures, wherever possible, shall be cast at one

operation, but when this is not possible the work shall be stopped, so

that the resulting joint will have the least effect on the strength of the

structure.

"50. Girders and slabs shall not be constructed over freshly

formed wall or columns without permitting a period of at least two

hours to elapse to provide for settlement or shrinkage in the supports.

Before resuming work the top of the supports should be thoroughly

cleansed of foreign matter and laitance.

"51. In massive work, such as retaining walls, abutments, etc,

built without reinforcement, joints shall be provided, approximately,

every 50 ft. throughout the length of the structure to take care of

temperature changes. To provide against the structures being thrown

out of line by unequal settlement, each section of the wall may be

tongued and grooved into the adjoining section. To provide against

unsightly cracks, due to unequal settlement, a joint shall be made at

sharp angles."

Mr. Osgood:—In paragraph 51, 50 ft. is given as the length, and

I think that is about right. We have usually found that a little

less than 50 ft. could be obtained and was preferred. The last sentence

in the clause says, "To provide against unsightly cracks, due to un-

equal settlement, a joint shall be made at sharp angle?." It occurs to

me it might be well to make some reference to the desirability of

making a joint by means of triangular strips of wood, or otherwise, on

each line where two sections come together. We found it added very

much to the appearance of the work, and that such cracks as occurred

were confined to well-defined lines, fixed by these triangular pieces of

wood inserted in the forms.

Mr. McDonald:—In connection with paragraph 51, I suggest the

Committee consider the advisability of expansion joints in buildings.

Mr. R. D. Coombs :—Referring to paragraph 50, I suggest that the

Committee outline more definitely what is meant by "thoroughly

cleaned." That point was up for considerable discussion recently in

the American Society of Civil Engineers, and the word "thoroughly"

was understood differently by different engineers.

The Secretary:
—

"52. The desired finish of the surface shall be

determined by the engineer before the concrete is placed, and the work

shall be so conducted as to make it possible to secure the finish de-

sired. Plastering of surfaces will not be permitted."

Mr. W. H. Courtenay (Louisville & Nashville) :—I would suggest

that an addition be made to the specification with reference to drop-

ping concrete from a great height, or shooting it down a steep chute

from a great height. That is being frequently done.

The President :—The Committee will give due consideration to the

points brought up.
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Mr. McDonald:—I suggest the Committee request the members

present to voice their objection now to any clause in the specifications

which has not already been objected to, in order that the Committee

may have some basis on which to work during the coming year.

The President:—Or submit it in writing, gentlemen, if you prefer.

Mr. Steffens:—Was it the sense of the gentleman in the rear of

the room that the high limit in reinforced rods be eliminated or con-

tinued?

Mr. Humphrey :

—
'There were two gentlemen discussing it, one in

Favor of eliminating the high carbon steel and the other in favor of

retaining it.

Mr. Petersen :—In addition to the report which has been submit-

ted, we should like to have incorporated in the Proceedings a progress

report of the Joint Committee on Concrete and Reinforced Concrete.

Mr. Humphrey:— I would like to say a few words in connection

with the report of the Joint Committee on Concrete and Reinforced

Concrete. That report was agreed to by a majority of the members of

the Joint Committee in December of last year, and your Masonry Com-

mittee voted to append the report of the Joint Committee to their re-

port with the request that it be received as information and be printed

in the Proceedings of this Association. Through an oversight of the

Committee, the Joint Committee report was not appended to the re-

port of the Committee on Masonry in Bulletin 108, and the pamphlets

containing the report of the Joint Committee which were distributed

here were furnished at the suggestion of the Secretary, in order to

supply that omission, they being the only reports available within the

limited time.

The members of the Masonry Committee who represent this Asso-

ciation on the Joint Committee on Concrete and Reinforced Concrete

are not present, and I have been delegated by the Masonry Committee

to present this report with a statement that all the members of the sub-

committee representing this Association on the Joint Committee voted

for the report here presented. I would add further that when the

majority composing the Joint Committee on Concrete and Reinforced

Concrete agreed to this report, it was understood that it would be pre-

sented by the several committees to their respective societies with the

request that the report be received as information and be printed in the

proceedings of these several societies.

By reason of the inability to reach final conclusions at this time il

was felt that the report thus prepared contained information of such

interest and value as to warrant its presentation as a progress report.

The Committee on Masonry is desirous that this report be received

.and printed as information.

Of the thirty-three men composing the Joint Committee on Con-

crete and Reinforced Concrete, twenty-seven voted for the report, four

against it and two did not vote. On the basis of voting members there

were 15 votes for the report and 4 against it.
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Mr. C. C. Schneider (Consulting Engineer) :—Mr. Chairman, I

wish to call attention to the fact that I consider the so-called report

of the Joint Committee on Concrete and Reinforced Concrete, which

has been distributed lure, as unauthorized, as this report has been

printed and distributed without the sanction or knowledge of the chair-

man of the Joint Committee. There are four dissenting members on the

Joint Committee whose opinions, contained in the minority report, have

been ignored.

I can see no objection to the Committee on Masonry adopting the

majority report, as the dissenting members of the Joint Committee are

nut represented on this Committee. In this case the report should be

called a Report on Concrete and Reinforced Concrete adopted by the

Committee on Masonry.

Mr. Humphrey:— I can only say on behalf of the Committee on

Masonry of this Association that there were three members and two

alternates representing this Association on the Joint Committee and

that they voted for and presented the majority report of the Joint

Committee as their report. The report to which the chairman of the

Joint Committee has just referred was a report of the special com-

mittee on Concrete and Reinforced Concrete to the American Society

of Civil Engineers, to which Society there was also presented a minority

report. There was no minority report presented to the Joint Com-

mittee. The report here presented is a majority report of the Joint

Committee and presented by the Committee representing this Associa-

tion, there being no minority report by any of its members. This

Committee was not aware that there was any minority report presented

to the Joint Committee on Concrete and Reinforced Concrete.

The President :—The Committee on Masonry will be excused with

the thanks of the Association.



STRESSES IN TRACK FASTENINGS

By W. C. Cushing.

It is well known that the problem of calculating the stresses pro-

duced in track fastenings is practically indeterminate, but in order to

compare the probable difference in effect of different types of locomo-

tives, it may not be a bad plan to endeavor to make as close an analysis

as possible, with the hope of at least throwing some light on the differ-

ent effects which may be produced.

If this be not done, we must either resort to experiment, or de-

termine the matter by watching the effects produced in actual service.

Making accurate experiments has turned out to be a very difficult

thing, and cannot always be resorted to, as the apparatus required is

both costly and troublesome to get, and the experiments require the

most painstaking care and great expenditure of time. It is undoubt-

edly desirable, nevertheless, to have all the experimental data possible,

and this source of information is of great value if the experiments are

properly and scientifically conducted.

Waiting for results from actual service is the usual way the main-

tenance of way engineer has had to gain information for the design of

track fastenings, but the method is unsatisfactory, as it leads to more

or less work in the dark. In spite of this unscientific method, it will

continue to be more or less used, because the solution by mathematics

is indeterminate on account of the many assumptions which must be

made. This is unfortunate, because we all realize how much more

satisfactory it would be if we could calculate in advance the probable

effect of a new type or weight of locomotive, without waiting for the

results of exhaustive experiments or actual service.

Nevertheless, with the hope that the uncertainties may be from

time to time reduced to smaller limits, and a more correct analysis

evolved, the subject is opened up for discussion by the members of the

Association through the following paper by E. E. Stetson, of the engi-

neering department of the Pennsylvania Lines. He has endeavored to

work out a formula for determining the stresses in track fastenings as

nearly as possible, and has then compared the probable effects of differ-

ent types and weights of some heavy locomotives on them.
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A STUDY OF RAIL PRESSURES AND STRESSES IN TRACK
PRODUCED BY DIFFERENT TYPES OF STEAM LOCO-

MOTIVES WHEN ROUNDING VARIOUS DE-

GREE CURVES AT DIFFERENT
SPEEDS.

By E. E. Stetson.

A locomotive when rounding a curve exerts certain forces which

produce stresses in track that do not exist on a tangent. These forces

arise from two causes : centrifugal force, and forces arising from the

tendency of the locomotive trucks to continue in a straight line. They

may be further classified into three fundamental forces

:

(i) Net effect of centrifugal force (superelevation of outer rail

considered).

(2) Lateral slipping or component of slipping in direction of radius

due to curvature.

(3) Longitudinal slipping or component of slipping in direction

of tangent of track due to unequal rail lengths inside and outside.

These forces are resisted by the pressure of the flange of the outer

wheel against the rail, thereby producing a horizontal thrust against

the outer rail. This thrust in turn is resisted by friction of base of

rail on ties or tie plates, and resistance of fastenings to shearing and

resistance of wood to crushing behind spikes. It is therefore necessary

to compute the magnitude of this flange pressure or horizontal thrust

and then find the resultant horizontal force acting on heads of spikes

at a tie. The method of computing this force, and upon which all the

calculations have been based, will now be outlined.

The first step is to compute the wheel loads on the rail from the

given axle load for a given degree of curve, speed and superelevation.

In computing these wheel loads, the assumption has been made that the

height of the center of gravity of the total axle load above- rail is equal

to the height of the center of gravity of the whole locomotive above

the rail. Starting with this assumption, the height of the center of

gravity of the spring-supported portion of the load above the axle is

computed for each axle. The centrifugal force is considered applied

at this point and is combined with spring-supported load. The re-

sultant is resolved into two components at the point where it inter-

sects the axle, normal and tangential to the axle. The part of the nor-

mal component carried by each wheel is next computed, and the total

wheel load then found by adding one-half the weight of axle and

wheels to each.
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The mathematical computation of the portion of the spring-sup-

ported axle load carried by each wheel is shown below

:

Fig. i.

Referring to the diagram in Fig. I,

W = spring-supported part of axle load.

Wv :

C = centrifugal force == where v = velocity in feet per second,
gr

g = 32.16 and r = radius of curve.

e= superelevation of outer rail.

L= distance between points of contact of wheel flanges on rail.

e

Angle of superelevation a =tan~l—

.

L
Combining centrifugal force C and weight W, resultant R =

VW + C2
.

C
Let /3 = angle R makes with vertical = angle boc — tan

-1
.

W
Angle aoc == a (similar triangles).

Angle aob = /3 — a.

Xow resultant R intersects wheel axle at point b distant ab= x from

center.

x = ao tan (P ~ a) where ao= height of center of gravity of loco-

motive above rail minus distance between top of rail and axle.
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At point b, where R intersects axle, resolve R into two components,

N and T, normal and tangential to axle, then N = Rcos ( P — » ) and

T = Rsin (/3 — a).

+ x

Wi the normal load on outer wheels

mal load on inner wheel = N — Wi.

N, and Wj nor-

W 1
cos a

To the values thus found for Wi and W3 should be added

where W l= weight of axle and wheels. Since o is always small,

however, it will be sufficiently accurate to take cos « = I and simply

W 1

add . In computing the wheel loads for the guiding and trailing

2

trucks, the same method of procedure is followed. In their case, how-

ever, a greater proportion of the load goes to the outer wheel, due to

displacement of bearing plates between the trucks and frame of loco-

motive. The amount of this displacement for any case can be obtained

from the following formula : x = 2a sin V-z I where x = displacement

in inches, a = distance from forward or rear driver to center of bear-

(a + b)D
ing plate in inches, and I = where b = total rigid wheel

200 X 12

base in inches and D = degree of curve.

The next step is to draw a diagram as in Fig. 2, showing the posi-

tion the wheels of the locomotive are assumed to take and then anrVze

the forces acting. The forces acting and stresses produced w"- 1
, of

course, be different for different types of locomotives. For U j dis-

cussion, a Class A (Pacific Type) locomotive has been chosen, as shown

in Fig. 2.

~f
b

z -«

Fig. 2.—Diagram of Track Stresses Under Pacific Type Locomotive.

The wheels of the locomotive in rounding a curve are assumed to

take a position as shown in Fig. 2. The locomotive as a whole, that

is, the driving-wheel base and frame, is assumed to revolve about the
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outer rear driving wheel B, as it requires less work to slide the inner

wheels than the outer wheels, due to the fact that there is less load on

i hem. A pressure must be applied through the wheel flanges against

the rail sufficient to slide the rigid wheel base and cause the loco-

motive to follow the curve.

In the case of the forward truck, the force necessary to turn the

truck will be applied at the front outer wheel. In the case of the

driving-wheel base, however, there are two conditions: (i) where the

flange of the second outer driving wheel cannot bear against the rail,

the play of drivers in frame being less than departure of the curve at

that point; (2) where play of second pair of drivers in frame is suf-

ficient to allow flange of wheel to bear against rail.

The first condition will, of course, give the worse case, as then

all the thrust against the rail from the driving-wheel base is applied at

one point, viz., the outer wheel of front driver.

Assuming condition (1) to exist, it is required to calculate what
this thrust P on front outer driving wheel will be.

Analysis of forces acting on locomotive frame and rigid driving-

wheel base

:

The locomotive is pivoting about B, and, to do this, inner wheels

H, I and J must slip laterally in and longitudinally backward, due to

smaller radius, since wheel base is rigid. Wheels C and D would also

have to slip laterally, but the slip of wheel D would be self-contained,

and would not produce outward thrust on the rail at D.

The force necessary to produce slippage of wheels on the rails is

the product of the coefficient of friction between wheel and rail and
the actual wheel load, which are readily computed, as shown in Fig. 1.

Designating the value of this coefficient by f, then there are acting

at H, I, J and C forces equal to product of actual wheel loads Wh, Wi,
Wj, Wc, and f. These forces act in direction of arrows. There is also

acting at Cg of whole locomotive a force T acting outward equal to

unbalanced centrifugal force computed in same way as T in Fig. 1

was computed, using for W the total weight of locomotive less weight

of guiding and trailing trucks. Then at the bearing plate of the for-

ward truck where load is transmitted from body of locomotive to truck

there is a horizontal force Q acting on body of locomotive. The
nature and amount of this force depends upon radius of curve and

amount of lateral play that the pin, connecting truck with body, has in

truck. If, as is generally the case, the lateral play is greater than the

displacement of bearing plates between trucks and frame of locomotive

as computed from formula previously stated, then the truck will not

bear against pin, and the only force acting on body of locomotive will

be the frictional resistance of bearing plate against turning, or Q= prod-

uct total weight on truck minus weight of truck itself and coefficient

of friction f1 between bearing plates.
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The weight on the trailer is transmitted from the frame to the

trailer through bearing plates directly over the axle. On entering and

leaving the curve, and possibly through central part of curve, these

plates will slide on one another and produce a force, Qi, acting on

frame of locomotive at this point in the direction of arrow, and equal

to product weight on trailer minus weight of trailer itself, and coefficient

of friction f 1 between bearing plates.

At the pivot of the trailing truck there is a force Q 2 acting on

the frame transmitted from the truck through the pin. This force Q s in

combination with an equal pressure of flange of wheel against rail

prevents the trailing truck from rolling in a straight line and causes

it to follow the curve. To do this, wheel G has to be slipped longi-

tudinally, which requires a force of fW
(

. acting at G. To determine

fW.L

value of Q2j take moments about A, then Q 2a= fW ,L, or C-2= •

a

Now taking the summation of the moments about B of all the forces

found acting and outlined above and placing same = 0, the resulting

equation, which can be solved for P, the pressure against the rail at D, is

f\V
f|
L+ fW,d, + fW.,d 2 + Tx

u
-I ,l^+ f\V,.b

1 + Q,b,— (2b
:i

(2,b
4
-= 0, or

f\V
H
L + fW.d, + fWjd, + fW.b, + Tx

o + Q,bt
-TQb

3
- Q;b 4

b„

This outward thrust P is resisted by friction between base of rail

and tie plate and shearing stress in fastenings.

Shearing stress in fastenings = P — fW
f
and assuming this stress

distributed over two ties, total shearing stress in fastenings at one tie

produced by forward outer driving wheel of Class A locomotive assum-

P-fW,
ing flange second drivers not to bear against rail = .

2

Assuming now that condition (2) exists, then the radial slippage

of wheels G and I will not cause pressure against rail at D, and the

unbalanced centrifugal force will be distributed over three drivers

instead of two.

P will, therefore, be reduced by an amount =
L

fW ,,!>, + fW_— th
'

d, T
_____ + _

b2 6

The outer thrust against rail at outer front wheel of guiding trucks

should next be computed.

Truck is assumed to pivot about E, since it is easier to slip wheels

M and K than wheels E and F. Wheels M and K must then slip

laterally inward and longitudinally backward. Wheel F will slip later
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ally, but slippage will be self-contained and will not produce any out-

ward thrust against the rail at F.

The forces necessary to produce slipping of wheels is as before

the product of actual wheel loads and coefficient of friction f. They

are f\V M and f\V
K

and act in direction of arrows. At the bearing

plate there is a force Q acting in the direction of arrow, due to fric-

tional resistance of bearing plates. This force equals product of weight

on bearing plates and f1 the coefficient of friction between plates. There

Ficj.3.

Fig. 3.

—

Diagram of Track Stresses Under Guiding Truck.

is also the unbalanced centrifugal force T= W sin (/3--a) acting at

center of gravity of truck, W being the weight of truck.

Now the moment of these forces about E must be opposite and

equal to moment of P about E, or

b, b,T

P.b,= fW
K
.L + fW.„di + Q — +

,

2 2

bi

fW KL + fW M d, + Q-
2 T

or P,= + —
bi 2

This thrust Pi is resisted by friction between base of rail and tie

plates and the shear on fastenings.

Then shear on fastenings at F= Pi — fW
F
and assuming this shear

distributed over two ties:

P,-fW F

Shear on fastenings in one tie caused by guiding truck= .

2

This analysis has necessarily been confined to one type of locomotive

—

Class A—but in the computed stresses produced by the Class B and C
engines, which will be given later, the same method of procedure has

been followed. In all the cases considered the thrust exerted against

the rail at both the guiding truck and driving-wheel base has been

computed, and in a few cases the maximum shear on fastenings at one

tie has been found to occur at the front wheel of guiding truck.
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In all calculations the value of f, the coefficient of friction between

base of rail and the tie plates, has been taken as 0.25. The value of

f, the coefficient of friction between bearing plates of guiding and

trailing trucks and body of locomotive, has been assumed as 0.16. Morin

gives the value of f
1 for metals on metals dry and perfectly smooth to

be from 0.15 to 0.20, while Trautwine gives value of f 1 for steel on

steel dry and smooth to be 0.14. Since the smaller the value assumed

for f 1 the greater will be the computed thrust against rail at forward

driver, the value 0.16 was taken for these calculations.

Computations have been made for the three different classes of

locomotives according to the method just outlined for sixteen different

cases, and a tabulated statement of results is given in the accompanying

print marked Table I. The results given for the Class A locomotive

are those obtained under the assumption that the flange on the outer

wheel of the middle driver does not bear against rail. For some of

the cases considered this is, undoubtedly, not true, for assuming the

play of driver in hub to be J^-in., which is the amount of play given

them when first put in service, then for all curves of less degree than

2 degrees 30 minutes it is possible for flange of middle driver to bear

against rail. Taking play in hub as ^4-in., it will be possible for flange

of middle driver to bear against rail on all curves of less degree than

15 degrees o minutes. Owing to uncertainty of the amount of play,

however, it was thought best to give here the results obtained from

assuming that in no case will the flange of middle driver bear against

rail.

In computing the maximum shear on fastenings, the horizontal

thrust has been assumed to be distributed by the rail over two ties.

This is a very conservative assumption, for it seems very reasonable to

suppose that the stiffness of the heavier weight rails will distribute the

pressure over three or more ties.

In comparing the effects of the three types of locomotives it is seen

from the table that with regard to thrust against rail at outer wheel

of front driver, Class C gives results about 20 per cent, higher than

the Class A or Class B type, while the thrust produced by the Class A
and Class B engines are approximately the same. It can be easily

understood how the stress produced by the Class C engine should be

greater than that produced by the Class A or Class B, since it has a

much longer rigid driving-wheel base and a greater number of wheels

to be slipped than the other two. It is not so self-evident, however,

why the forces exerted by the Class A locomotive arc no greater or

so little greater than those exerted by Class B, since the former has a

longer rigid wheel base, a greater number of drivers and a greater

total weight than the latter. This may be explained by the difference

in amount of loading on, and arrangement of, the guiding and trailing

trucks in the two types. The Class A engine has a much greater weight

on its guiding trucks than the Class B. Also the distance from the
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Diagram or Engines
Showmq Axle Loads and Dimensions of Wheel Bases.

CLASS A,

^3
Pacific Type Locomotive

Front truck has 2." swmo later-

ally Tre-iler has2^swinq.
Center of gravity taken as

762 above the rail.

5 3,300* 58,400* 58,350* 25.500* 25,500*

Total Weiqht= 270,100*

CLASS B.

Atlantic "Type Locomotive,

front truck has 2j swincj later-

•ally. "Trailer haslg swina
Center of qravity taken as 70s
above the rail

3i,iSO* 61,600* 56,750* 16.625* 16.825*

Total We iqht = 183.150*

CLASS C

Consolidation Type Locomotive,

Guidinq truck has 6"swinq laterally

Center of qravity is taken as 6Z,"

above the rail.

52.500* 51,900* 46,867* 58.333*

Total w«.qht = 233.200*
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TABLE I.
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rear driver to trailer in the Class A type is much less than the distance

in the Class B. In short, the effect of the guiding and trailing trucks,

which tends to reduce the thrust at the front driver- or what may be

called the guiding effect in the Class A type of locomotive, is about

double what it is in the Class B type. With regard to thrust against

rail at outer front wheel of guiding truck, it is seen from the table

that the Class A guiding truck produces results about 50 per cent,

larger than Class B, and about 35 per cent, larger than Class C.

The maximum shear on fastenings in one tie, in nearly every case

where there is no unbalanced centrifugal force, is produced by a Class

A locomotive, while in cases where there is unbalanced centrifugal force,

Class C produces maximum shear.

It will be noticed from the table that the maximum shear on the

fastenings in one tie is 8,800 lbs., and is produced by a Class C locomo-

tive rounding a 4-degree curve, the outer rail of which is elevated 8 in.,

at a speed of 70 miles per hour, a speed which is not likely to be

reached by this class on that degree of curve.

It will be noticed in the preceding tabic that in nearly every case

the horizontal force exerted at outer front wheel of guiding truck

decreases very slightly as the speed and curvature are increased. This

is due to the fact that as speed and curvature are increased, weight

on inner wheels decreases, and they are then more easily slipped. The

resultant force acting on rail at outer wheels of guiding truck increases,

however, in every case with increase in speed and curvature, as is

shown in Tables II, III and IV, which follow.

The vertical, horizontal, and resultant forces acting on rail at outer

wheel of forward driver and front wheel of guiding truck are given

in Tables II, III and IV, and also the distribution of the resultant

pressure at base of rail for A. S. C. E. 100-lb. and 85-lb. sections, and

Pennsylvania System 100-lb. and 85-lb. sections. In computing the

amount and position of the resultant force on the rail at outer wheel

of front driver, the effect of the non-balancing of the counterweight,

on the driver was taken care of in the following manner : The "dynamic

augment," or the force produced by the unbalanced weight, was found

in terms of the static wheel load and the speed for the three classes

of locomotives; the static wheel load was decreased by an amount

equal to this force when counterweight is up and increased by the same

amount when counterweight is down. For the computations in these

tables the counterweight was considered up, because the smaller the

vertical force the less favorable the position of the resultant and the

distribution of pressure at the base of rail. The dynamic augment was

found to be equal to .007 V2W for Class A and Class B locomotive.;,

and .013 V2W for Class C, where V= speed in miles per hour and W=
static wheel load. A study of these three tables discloses at once the

fact that in many cases the resultant falls entirely outside the base of

rail. At the guiding truck of the Class A and Class B locomotives this

happens for every case. It also occurs at the outer wheel of front
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driver for all three locomotives in the cases of greatest curvature and

speed. At first thought the question might naturally arise as to what

keeps the rails from overturning, if the resultant passes entirely outside

the base. If the rail were in sections only a few feet long, and these

sections were not rigidly connected together, this undoubtedly would

happen. Actually, however, the rails are in 30-ft. or 33-ft. sections

and are rigidly connected together. Now, in order to overturn a rail,

it is necessary to fracture the rail in two places and pull out all

the spikes on inner side of rail between the fractures, or twist

the rail at some distance on each side of point of application of forces

and pull out the intermediate spikes on inner side. It should also

be noted in this connection that in case of both guiding trucks for

Class A and B, and front wheel of drivers, there is acting at about

J ^39?)
Fig. 4.

six feet back of the point of application of the resultant, a heavy ver-

tical force without any corresponding horizontal force, which will

securely anchor the rail against overturning at that point. It will be

seen, then, that in order to actually overturn the rail, or a portion

of it, a fracture or distortion must take place in the rail, which wiil

require a very much larger force than any found in the table.

All the forces exerted on the rail 1 y these three types of locomo-
tives having been found, the next step is to find out how they are

resisted by the track fastenings; that is, by ties, tie plates, and spikes.
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In this connection an investigation will first be made to determine

whether wood back of spike will crush before spike will shear, or vice

versa. A general equation will now be worked out between the crush-

ing stress per square inch, f
c , in wood, and the horizontal force P,

exerted in a spike by the rail.

The distribution of the resistance of the wood on the sides of the

spike due to force P is shown in Fig. 4. The maximum crushing stress

per sq. in. in wood equals f
(
. and occurs on outer side of spike at

surface of tie. The wood on inner side of spike, below point o, must
also be in compression in order to fulfill the conditions for equilibrium.

The maximum crushing stress per sq. in. in the wood on this side of

spike is f
g
and will be less than f

(
.. From Fig. 4 it is seen that a

six-inch spike, used with an A. S. C. E. section rail and tie plate, will

extend into the wood about 4-)4-in. If the force P is taken as acting

at the center of bearing of flange of rail .against the spike, as shown
in Fig. 4, its distance from center of the part of spike imbedded in

tic will be three inches.

Taking, now, a 5^-in. square spike imbedded in wood a distance

of 4^4 in., having a force P applied 3 in. from center of imbedded por-

tion, the maximum crushing stress per sq. in. exerted on the wood is

obtained as follows

:

P 3 P x 2.375

= + 3 = 0.337 P + 1.276 P —
•625 X 4.75 & X .625 X 4.75

I. 613 p.

and f
B
= 0.337 P — 1.276 P = — 0.939 P.

The ultimate shearing strength of a 5^-in. spike is 19,000 lbs.,

according to tests made recently by Robert W. Hunt & Company for

the New York Central & Hudson River Railroad. The value of P, then,

which develops the full shearing strength of a spike, is 19,000 lbs.

Substituting this value for P in the equation f
c
= 1.613 P, f

t
.
—

1. 613 X 19,000 = 30,650. This means that before a spike will shear

off, a crushing stress of 30,650 lbs. per sq. in. will be exerted on wood
at top of tie at outer side of spike.

Some values for the ultimate crushing strength per square inch,

endwise of grain, of the various woods used as ties, and the authority

for the same, will now be given

:

Beech, 6,800 lbs. Average tests made at Watertown Arsenal in

1883 on small and well seasoned pieces.

Beech, 7,733 lbs. According to Hodgkinson. (Size of test pieces

and condition of wood not known).

Beech, 5,078 lbs. According to Chevandier. (Size of test pieces

and condition of wood not known.

Catalpa (common) 5,180 lbs. Average of tests made at Watertown
Arsenal in 1883 on very small and

well seasoned pieces.
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Catalpa (hardy), 1,768 lbs.

Cedar (white), 4,350 lbs.

Cedar (white), 2,900 lbs.

Cedar (red), 3,500 lbs.

Catalpa (common), 2,393 lbs. Tests made at Bureau of Forestry

Timber Testing Station, Purdue
University. Test pieces were 2 in.

x 2 in. x 4 in. and contained 32.7

per cent, moisture.

Catalpa (hardy), 5,800 lbs. Average of tests made at Watertown
Arsenal in 1883 on very small and

well seasoned pieces.

Average of tests made at Bureau of

Forestry Timber Testing Station at

Purdue University. Tests made on

wood in green condition.

Average of tests made at Watertown
Arsenal in 1883 on very small and
well seasoned pieces.

Bureau of Forestry Circular 15. Average
of 34 tests on green wood containing

about 40 per cent, moisture.

Value recommended by A. L. Johnson in

Bulletin 12, Bureau of Forestry, and ob-

tained from tests made by Forestry Serv-

ice. This value is for wood containing

18 per cent, moisture, and represents a

half dry condition.

Average of tests made at Watertown Arsenal

in 1883 on small and well seasoned pieces.

Bureau of Forestry Circular 108, average of

tests made on wood in green condition, con-

taining 30 per cent, moisture.

Average of tests made at Watertown Arsenal

in 1883 on very small and well seasoned

pieces.

Bureau of Forestry Circular 15, average of

25 tests on green wood containing about 40
per cent, moisture.

Value recommended by A. L. Johnson in

Bulletin 12, Forestry Division, and obtained

from tests made by Forestry Service on
wood containing 18 per cent, moisture.

Yellow Pine (longleaf), 8,950 lbs. Average of tests made at Water-
town Arsenal in 1883 on very

small and well seasoned pieces.

Value recommended by A. L.

Johnson in Bulletin 12, Forestry

Division, and obtained from
tests on wood containing 18 per

cent, moisture.

Chestnut, 5,420 lbs.

Chestnut, 3,030 lbs. ]

White Oak, 7,270 lbs.

White Oak, 5,300 lbs.

White Oak, 4,000 lbs.

Yellow Pine (longleaf), 5,000 lbs.
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Yellow Pine (longleaf), 4,800 lbs. Average of tests on wood con-

taining 26.3 per cent, moisture,

Table 12, Circular 115, For-

estry Service.

Yellow Pine (longleaf), 4,500 lbs. Average of tests on wood con-

taining 30 per cent, moisture,

Circular 108, Forestry Service.

Yellow Pine (longleaf), 4,300 lbs. Average of 86 tests on wood
containing 40 per cent, mois-

ture, Circular 15, Forestry Di-

vision.

From the above values it would seem that the crushing strength

of green wood containing 30 per cent, or more moisture is very much

less than that of well seasoned wood. It is thought that the values

used for the crushing strength of wood in a railroad tie should be those

given from tests on wood containing considerable moisture. All of the

values obtained for the crushing strength of wood, either in green or

dry condition, are very much less than 30,650 lbs., and, therefore, it is

concluded that the wood in a tie on the outside of a spike will crush

before a spike will shear in all cases.

The number of spikes required in the various wood ties to resist

crushing of the wood will next be determined. This necessitates de-

ciding upon the proper values to use for the crushing strength of the

different woods, and in so doing the results obtained from tests of wood
containing about 30 per cent, moisture will be used where possible. For

this condition, the following are thought to be fair values for the ultimate

crushing strength per sq. in. of the various woods : Catalpa, 2,500 lbs.

;

Cedar and Chestnut, 3,000 lbs. ; Beech and White Oak, 4,000 lbs., and

Yellow Pine, 4,500 lbs. Substituting these values for f
c

in the

equation f
c
= 1.613 P, we get the following values for P: In catalpa

ties, 1,550 lbs. ; in cedar and chestnut ties, 1,860 lbs. ; in beech and white

oak ties, 2,480 lbs., and in yellow pine ties, 2,790 lbs. These values

represent the greatest horizontal thrust that one spike can take without

rrushing the wood back of spike.

Turning back to Table I, it is seen that the maximum horizontal

force acting at one tie is 8,800 lbs. This, however, is the force exerted

by a Class C freight engine on a four degree curve and running at a

speed of seventy miles per hour. This speed would probably never be

attained with this engine on a four degree curve. It is thought that u

horizontal force 0/ 4,000 lbs. at one tie will very nearly represent what
is likely to occur in actual practice, and this value will be used

here in determining the number of spikes necessary to use. It is

approximately the value given in Table I for both Class A and B
locomotives on a three degree curve, and at a speed of seventy miles

per hour. The number of spikes required in the different wood ties

to resist crushing of wood back of spike and shearing of spike will
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now be given for the case where flat tie plates are used and for the

case where Goldie claw plates are used.
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h applied to only a small surface of the wood. It seems probable that

the strength of the wood immediately back and in front of the spike

is appreciably increased, owing to the lateral support given it by ad-

jacent wood. There seems to be no way of determining the amount of

this increased strength except by tests, and in the absence of tests

under similar conditions, the results obtained from the ordinary tests

have been used.

(2) Then again, as the wood at the top of the tie becomes

stressed up to its ultimate resistance, the fibers compress somewhat

and the spike begins to bend (see photograph). Now it is probable

that the bringing together of the fibers of the wood arising from the

squeezing gives to the wood a resistance superior to that which it has

in the free state. Some tests made by applying loads to top of spikes

imbedded in various wood ties would be very valuable in determining

what the actual crushing resistance of wood is under these conditions.

(3) Furthermore, it has been assumed in Table I that the force is

distributed over two ties. It is possible that it may be distributed over

more than two.

The conclusions arrived at from this study are

:

(1) That horizontal forces exerted upon rail and stresses pro-

duced in track fastenings by a Class A locomotive in rounding curves

are but very little greater than those obtained by a Class B locomotive.

(2) That the horizontal forces exerted and stresses produced in

track by a Class C locomotive are approximately 20 per cent, larger

than those obtained from either a Class A or Class B locomotive.

(3) At the same speeds on same curve, at outer wheel of front

drivers, the resultant is farthest beyond the center of base of rail in

this order: Gass C, Gass B, Class A.

At the outer wheel of guiding truck this order is exactly reversed

:

Class A, Class B, Class C. Class B and Class A are very nearly

alike.

(4) If Class B and Class A are run around curves up to 3 de-

grees at 60 miles per hour, the Class C should not be run around

any curve faster than 40 miles per hour, in order not to have the

distance of the resultant force from center of base of rail exceed

that given by the first two locomotives.

(5) The maximum shear on the fastenings in a tie. in nearly

every case, is produced by a Class A locomotive when the centrifugal

force is balanced, and by a Class C when the speed exceeds that for

which the outer rail was superelevated.

(6) The horizontal forces at the head of the rail and the re-

sultant of the horizontal and vertical forces at the same point are

greater at the outer wheel of front driver than at the outer front

wheel of the guiding truck for all three locomotives.

(7) That the horizontal forces exerted and stresses produced at

the outer front wheel of the guiding truck of a Class A locomotive

are about 50 per cent, larger than those produced by a Class B, and

about 35 per cent, larger than for a Class C.
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WHITE OAK TIE.

Test No. 2.

Deflection commenced when P = 1,600 lbs.

Yx in. " P = 4,450 lbs.

1 in. " P = 6,350 lbs.

iJ4 in. " P = 6,680 lbs.
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(8) In nearly every ease the horizontal force exerted at the outer

front wheel of the guiding truck decreases very slightly as the speed

and curvature increase, but the opposite is true in the case of the

outer wheel of the forward driver.

(9) In every case the resultant force acting on the rail at the

outer wheel of the guiding truck increases with increase of speed and

curvature.

(10) At the outer wheel of front driver for Class A, Class B, and

nearly for Class C, resultant force and position at base of rail are the

same at 60 miles per hour for 3 degrees and under, centrifugal force

balanced.

Resultant force and position at base of rail are the same at 40

miles per hour for 4 degrees, 5 degrees, 6 degrees and 7 degrees,

centrifugal force balanced.

The above two do not hold for unbalanced speeds.

(11) In many cases on curves the resultant force acting on rail

passes entirely outside of base of rail. At the guiding truck of the

Class A and Class B, this happens in nearly every case. It also oc-

curs at the outer wheel of front driver for all three locomotives, in

the cases of greatest curvature and speed.

(12) At guiding truck for Class A and Class B the resultant

falls outside of base of rail in all cases but two for A. S. C. E. rail

and in all cases for Pennsylvania System rail; but for the Class C
it falls inside in all cases.

At the outer wheel of front driver for Class A and Class B the

resultant falls within the base of rail for speeds up to about 60 miles

per hour on curves up to 3 degrees ; up to about 50 miles per hour

for 4 degree and 5 degree curves, and up to 40 miles per hour on 6

degree and 7 degree curves. For Class C only for speeds up to 40

miles per hour.

(13) In all kinds of wood ties the wood back of a spike will crush

before a sufficient force can be exerted on an ordinary jHi-in. spike to

shear it off.

(14) The present practice of putting two spikes on inside and

one on outside of the outer rails on curves when tie plates are used,

gives ample strength against shearing of spike, but not a very large

factor of safety against crushing of wood back of spike.

The factor of safety against crushing when flat tie plates are

used is, for catalpa, 1.2; for cedar and chestnut, 1.4; for beech and
white oak, 1.9; and for yellow pine, 2.1. When Goldie claw plates are

used the factor of safety is, for catalpa, 1.9; for cedar and chestnut,

2.3; for beech and white oak, 3.1; for yellow pine, 3.5. For the above

case, the Goldie claw plates give about 60 per cent, larger factor of

safety than flat plates.

In connection with this conclusion, it should be remembered that

the ultimate crushing strength of the different woods were taken from

tests made under conditions different from those we have in the case

of a spike in a tie.

(15) The present method of fastening rails to wood ties is weak
with regard to liability of crushing wood back of fastenings.
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It is suggested that an improvement might be made over our pres-

ent method of fastening track by using a special tie plate under the out-

side rail on curves, this tie plate to have a lug or projection on the

Fig. 5.

under side, one inch wide, and from three-fourths to one inch in depth,

as shown in Fig. 5. The slot in tie, which receives the lug, should be

cut out by machine to insure an even bearing on sides, and in cases

where treated ties are used should be made before tie is treated. The

tie should be slotted for outer rail only, an ordinary flat plate being

used under inner rail.

In considering the results obtained from the computations in this

study, the fact must not be lost sight of that the same degree of

accuracy cannot be expected here, as is obtained in most other calcula-

tions of stresses. There are many assumptions which have to be made,

and many other things, such as irregularities in alinement and surface

of track, sudden application and removal of load, etc., which may
modify and change the results obtained by any computation from the

actual results. Up to the present time, practically no experimental data

of any value, with regard to the stress in track fastenings on curves,

are available, and experiments along this line are needed.



ADDENDA TO E. E. STETSON'S ARTICLE ON "STRESSES IN

TRACK FASTENINGS," BY W. C. CUSHING.

In 1907, the Pennsylvania Railroad Company prepared a piece ot

track on the West Jersey & Seashore Railroad, on a one-degree curve,

near Franklinville, N. J., with special cast steel ties and measuring

apparatus for the purpose of comparing the effects of lateral horizontal

forces on the outer rail of the curve generated by different classes of

electric locomotives and standard steam locomotives.

The force exerted by the locomotive was communicated to steel

plates by means of hardened steel spheres of small diameter, and the

effect of the force was to cause the spheres to make a more or less

deep impression in the steel plates.

By means of laboratory tests, it was determined what forces in

pounds were required to produce various known depths of the impres-

sion of the steel balls in the plates, and after this calibration had been

made, it was possible to transform the depths of the impressions of the

balls in the plates into pounds of pressure. The accompanying Table

No. 1 gives the results of some of these tests for steam locomotives,

in order that they may be compared with the computations made by

Mr. Stetson, which are shown in Table No. 2 for the same degree of

curve, and for one locomotive of the same class as used in the tests

on the Atlantic City line. Mr. Stetson's calculations are for speeds

of sixty miles per hour, which are from twenty to thirty miles an hour

less than the actual tests, but the weights of the locomotives are heavier.

The lower speeds should give smaller pressures, while, on the other

hand, the heavier locomotives should give higher pressures. Taking

these points into consideration, therefore, the difference between the

two tables is not large, indicating that the formulas used by Mr. Stetson

are fairly correct in these comparisons.
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HORIZONTAL PRESSURES EXERTED BY STEAM LOCOMO-
TIVES AGAINST RAIL ON CURVES.

rABLE NO. 1—RESULTS OF TESTS MADE IN 1907 AT FRANKLINVILLE, N.

ON WEST JERSEY & SEASHORE RAILROAD ON A 1° CURVE.

Run



THE QUESTION OF SCREW FASTENINGS TO SECURE RAILS
TO TIES.

By W. C. Cushing.

While seeking some information during the past year relative to the

use of screw fastenings in Europe for securing rails to ties in railway

tracks, the writer received the following interesting letter on the subject

from the Chief Engineer of Permanent Way of the Eastern Railway
Company of France (Chemins de Fer de l'fist), Mr- E. Siegler, and his

kindness in allowing its publication has led to the preparation of this

article

:

EASTERN RAILWAY COMPANY.

PERMANENT WAY SERVICE.

Office of Chief Engineer,

23, Rue d'Alsace.

Paris, July 31, 1908.

Mr. W. C. Cushing, Chief Engineer Maintenance of Way, Pennsylvania

Lines West of Pittsburg, Union Station, Pittsburg, Penn.

Dear Sir:

I have received your letter of the 16th inst, and hasten to give you

the information which you request.

We have not been using spikes for more than 30 years, like all the

large French companies which have the "T" rail, viz., the Northern and

the Paris-Lyon-iMcditerranean.

In the rest of Europe the use of the spike is still quite widespread.

Some years ago the Germans and notably the Austrians held that the

spike is preferable. Then they began to give preference to the screw-

spike for the interior of the track, while preserving the common spike

for the exterior. But the common spike is progressively tending to

disappear.

In our opinion the screw-spike is of unquestionable superiority, on

the condition that it be properly used. The experiments which caused

the Germans to believe that the screw-spike is inferior to the common
spike were badly made, and you know that a badly made experiment is

worse than no experiment at all.

In order to have good results, there are necessary

:

(1) A good screw-spike.

(2) Its proper use.
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It is necessary that the spiral threads of the screw-spikes be placed

so as not to damage the fibers of the wood too much, that is to say, be

not too close together. I send you the design (Plate No. II) of the

screw-spike which we have adopted after quite long trials.

The) pitch of the thread of the screw which was formerly 0.287 in.,

has been enlarged to 0.49 in. ; we are satisfied with it.

It is necessary that the neck of the screw-spike, that is to say, the

upper part under the cap, be not too thin in order not to bend under

the force which is produced from only one side.

The head ought to bear a letter or a figure in relief, so that the

workmen cannot strike on the head with the hammer, in order to sink it

in the wood, without detection resulting from the crushing of the letter.

The length of the screw-spike ought to be such that it does not pene-

trate the bottom of the tie. The diameter naturally varies according to

the resistance to be given to the track. We have screw-spikes of 0.75 in.

diameter, but we now use scarcely any others than those of 0.91 in.

This diameter may also depend on the number of screw-spikes which

are placed in the same tie, for when three screw-spikes are placed in

each end of the tie too much wood is removed and the tie is weakened

too much if a diameter of more than 0.91 in. is adopted.

Formerly our screw-spikes were of iron ; to-day the tradesmen make
them of soft steel.

I send you a copy of our terms of general contract for standard

material, in which you will find on pp. 81 and 82 the conditions relative

to the manufacture of screw-spikes (Appendix H). It would be

desirable to use harder steel in order to make the screw-spikes more
resistant to flexure, but then the manufacture would become more difficult.

Herewith (not reproduced) are the designs of our track with rails

of 91 lbs. per yafd. You will find without doubt that our 91-lb. rail

differs much from the American types. In my opinion the head is a little

too high and not quite wide enough, and the web a little too thin. But

actually I would not be able to modify it without disadvantage.

This rail rests on the tie without metallic plates, except on very

sharp curves (of 984.25 ft. radius and under). We place under the

rail, solely to protect the wood against the mechanical action of the base,

plates of poplar or of felt. These plates are compressed before being used,

so that they will not be further compressed under the pressure of the rail.

In order to put in the screw-spike a hole is bored in the tie with an

auger of 0.48 in. diameter for the screw-spike of 0.75 in., and an auger

of 0.65 in. diameter for that of 0.91 in. With the screw-spike of 0.91 in.

diameter the axis of the hole should be 0.53 in. from the edge of the base.

The screw-spike, previously tarred, is screwed in with a key whose

arms should not be longer than 25.6 in., in order that the workmen may

not be able to exert an excessive force and tear the wood. One man is

sufficient to put in the screw-spike except for the final tightening, when

a second man is useful. In order to do this work a man ought always
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to place himself so that the rail is between him and the screw-spike to

insure its being put in straight.

You know, perhaps, that we are commencing, in France, to use elec-

trical apparatus for screwing and unscrewing screw-spikes (and others

for tamping the ties). With this apparatus it is necessary that there he

an arrangement for making it impossible for the force exercised on the

screw-spike to exceed a certain maximum.
Our ties are, with rare exceptions, almost all of oak and beech.

I estimate that the soft woods (pine and fir) are not suitable for the "T"
rail track, and that when one cannot get any other wood it is much
better to adopt the track with double-head rail.

The force of extraction which one of our screw-spikes in a new tie

can resist is about 12,125 lbs.

In time, the sides of the hole bored in wood may be spoiled ; I could
show you, however, tracks 20 years old over which 80 trains a day are
passing and where the screw-spikes still hold as in the beginning; the beech
holds better than the oak.

It is, above all, at the joints that the wood is damaged and partic-

ularly with our old splices with the base. The splice acts as a lever under
the cap of the screw-spike and tends to tear it out. With splices which
we have used for half a score of years this disadvantage has disap-

peared. In order to stop the creeping of the rail the splice butts against a

screw-spike of special form called "screw-spike with shoulder head."

We also employ, in order to stop the creeping, stop checks (anti-

creepers) fixed on the rail near its middle by means of a bolt and on
the tie by means of ordinary screw-spikes.

When the hole is injured by excessive force or by a split in the tie,

the screw-spike no longer holds; it turns easily. Then the hole is

repaired by driving in a square or rectangular tarred plug and by boring
holes in the plugs. The wood of the plug renews the sides of the

original hole (Plate No. I).

Old holes can also be repaired in different ways

:

(1) Trenails of the Collet system (Plate No. I).

These trenails, invented by Mr. Collet, are used by the Paris-Lyon-
Mediterranean Company and their use is quite extensive in Germany.

They are plugs of hardwood tapped on the outside; they are

screwed in the hole of the tie previously enlarged, and afterwards the

screw-spike is screwed in it. They have given us quite good results, but

require large holes which weaken the tie.

(2) Thiollier's Lining.—A steel spiral is screwed into the hole. The
results are satisfactory up to the present time. But, in general, we are

contented with square plugs, and when the track is well maintained, the

repairs of holes are the exception.

We are trying finally the Lakhovsky system, which it seems ought
to succeed.

You will find, pp. 17 and 18 (not reproduced) of the terms . of
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contract, very complete information about the plates of tarred felt

which we use. Piece No. 14 (not reproduced) is relative to plates

of poplar.

When they should be compressed before using we have them fur-

nished 0.28 in. thick, and the compression brings them to 0.16 in. The
notch made in the tie being 0.35 in. deep, there remains 0.20 in. of wood
for the lateral support of the base.

I have said that we only employ metallic plates exceptionally on
curves of short radius ; the Paris-Lyon-Mediterranean Company uses

them on the contrary on all the ties.

The plates have the advantage of making the two screw-spikes act

together, that is to say, the outside screw-spike cannot be pushed out by

the base of the rail without drawing after it the inside screw-spike.

But they have, in my opinion, the following disadvantages

:

(1) They cut the base of the rail.

(2) They rattle when they are not well maintained.

(3) The threads of the screw-spike wear off in the holes of the

plates when the latter are not too large.

(4) When a hole for a screw-spike is injured it is not easy to

repair it and another hole cannot be bored without displacing the plate.

Nevertheless, the Thiollier spirals permit the repairs to be made quite

conveniently.

The screw-spikes can be rendered more stable in the transverse

direction by having them supported, not directly on the base of the rail,

but on clamps which are placed directly on the tie or on a metallic plate.

The Germans employ systems of this kind about which you will find

information in the publications hereafter named.

We have not recognized the utility of complications of this kind,

except in the case of very sharp curves, 820,'/2 feet radius and under.

We avoid unnecessarily multiplying the number of pieces consti-

tuting the track.

If our screw-spikes can be found fault with for anything, it is

perhaps that they hold too well. With your spikes, which do not press

hard against the rail, the latter lifts a little without dragging the tie

immediately with it, the latter remaining in the ballast. On the con-

trary, our tie lifts with the rail. But this disadvantage could be easily

remedied, if that is one, by loosening the screw-spike a little after

having screwed it home.

I believe that I have never written as much on this question. I

hope that the information will be satisfactory to you and, since the

question is the order of the day in the United States, if my letter

can be of interest to any of your colleagues, I authorize you to make

such use of it as you may judge advisable. I do not know of any re-

cent French work giving details on the questions which you have

asked me. But shortly the Revue G^nerale des Chemins de Fer will

publish an article by Mr. Blum of Berlin, giving interesting details on
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the actual practice of German railways, particularly those of the Prus-

sian State Administration. You will also find there information on

tie plates.

I recommend to you a German work, a kind of encyclopedia of

modern railway practice, in which the same Mr. Blum has collabo-

rated. This work is entitled, "Die Eisenbahn Technik der Gegenwart,"

Bergman, Editeur, Wiesbaden.

It will only be necessary for you to ask for Volume II "Der
Oberbau."

I am at your disposal in case you may need other information.

I will be obliged to have you tell me on your part if the trial of

different types of joints undertaken in the United States, mitred, im-

proved splices, etc., have given positive results.

Be so kind as to accept, sir, the assurance of my distinguished con-

sideration,

Chief Engineer of Permanent Way,
(Signed), E. Siegler.

Apparently the French railways were about the first in Europe to

begin the use of the screw-spike (tirefond) as a rail fastening, and

it is to-day universally employed by the large systems. Its develop-

ment began in about i860. Mr. Jules Michel, an earnest student of

maintenance of way questions, has related in Appendix B the re-

sults of the long study of the screw fastening which he and others

made for the Paris-Lyon-Mediterranean Railway. This article has al-

ready been largely quoted by Dr. Hermann Von Schrenk in Forestry

Bulletin No. 50, U. S. Department of Agriculture, but is again given

here for the sake of completion.

The German railways did not adopt this style of fastening as

early or as generally as those of France, and Mr. Siegler points out

in his letter that the use of the hook-spike is quite widespread. In

1899, the general employment of the screw-spike on all lines of the

system was prescribed for the Prussian Government Railways (Appen-

dix D).

The common hook-spike at present in universal use in the United

States has been often severely condemned by writers in the technical

press, and the readers have been usually led to infer that it is em-

ployed everywhere in Europe, which is seen from the above not to be

the case. Indeed, the screw-spike in Great Britain is almost as rare

as it is in the United States, at least on the large systems, the only

one making use of it being the London & Northwestern, and that only

partially, as will appear farther along.

Mt. Michel, in Appendices A and B, already referred to, has

given the resistances to extraction of different kinds of screw-spikes

in different species of woods, and this information has been several

times supplemented in this country (Bureau of Forestry, Bulletin No.
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50, U. S. Department of Agriculture; University of Illinois Bulletin

No. 18, by R. I. Webber).

It is now well known that the forces required to pull screw-spikes

from ties are conservatively from one and a half to two and a half

times greater than those required to pull hook-spikes.

The Paris-Lyon-Mediterranean Company experiments also covered

an investigation of the pitch of the thread, its form, that is, whether

a cross-section should show an isosceles or a right-angled triangle or

a form intermediate between the two, and the diameter of the shank.

It appears that the tests did not indicate any superiority of one form

of thread over the other, the right-angled or the isosceles.

From the results of the experiments, the dimensions of the Paris-

Lyon-Mediterranean screw-spike were fixed as follows

:

Pitch of thread 0.49-in.

Projection of thread from shank 0.12-in.

Base of thread divided by perpendicular from apex

into two parts, respectively 0.10 and 0.06-in.

Diameter of shank 0.55-in.

Diameter under cap 0.79-in.

The principle laid down for calculation was that the length, the

diameter of the shank, and the depth of threads should be calculated

respectively to offer a resistance to pulling out, considering the nature

of the ties, nearly equivalent to the resistance to rupture of the shank

of the screw-spike (last page of Appendix B).

That these dimensions have been practically adhered to up to the

present time is shown by the drawing of the Paris-Lyon-Mediterranean

screw-spike in Plate II. The information presented in Plates II, III, IV,

V, VI, VII, VIII, IX, X, XI, XII, XIII illustrates present practice,

as these details have been recently obtained from the individual rail-

way companies, and the writer, at this point, takes the opportunity to

acknowledge his indebtedness to each officer who so kindly contributed

the data.

Appendix C offers some tests from another source to deter-

mine the total lorce which a screw-spike can safely endure, when put

into holes of different diameters.

A recent study by Mr. E. Perroud, Engineer of Track, Chemin de

Fer du Nord, on the "Facility of Insertion of Screw-spikes," was sent

to the writer by Mr. Rossignol, Chief Engineer of Maintenance Chemin

de Fer du Nord, and is presented in Appendix E. In addition to the

notes on the descent of the screw, the author also discusses the effect

of successive insertions of the same screw in the same hole, which

illustrates how repeated tightening will impair the value of the screw

fastening. This is a hint that the screw is not a perfect fastening, and

indeed we frequently notice reference to the two considerable defects

.vliich somewhat impair its usefulness, the tendency to work loose, and

die final enlargement of the hole, which has made it necessary to devise
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some means for making repairs, in order to make the life of the tie

from mechanical wear equal to that given to it by antiseptic fluids. In

the case of softwood tics the question is of vital importance. Mr.

Cuenot has discussed this in his book, "Track Deformations" (published

by the Railroad Age Gazette), and Mr. Cartault, Chief Engineer of

Maintenance of Way of the Paris-Lyon-Mediterranean Company, wrote

a paper on the subject, which was published in the "Revue Generale

des Chemins de Fer" for February, 1900. He stated that the Paris-

Lyon-Mediterranean Company had a great number of softwood ties in

use in its tracks which gave insufficient resistance, especially on curves,

and the defect was very difficult to remedy till Mr. Albert Collet in-

vented the hardwood screw trenail about twelve years ago. He states

that the results from practical tests during more than four years have

given full confirmation to the theoretical expectations he had on it's

first appearance. The Paris-Lyon-Meditcrranean tests showed that with

the Collet trenail in pine ties the resistance of the screw to extraction

was increased by 29 per cent., and in Baltic fir by 39 per cent. In

the case of old ties eight years in service, the increased resistance given

by the trenail was 80 per cent, in pine, 33 per cent, in beech, and 62

per cent, in oak.

Nevertheless the Paris-Lyon-Mediterranean Company has at the

present time abandoned the use of soft woods for ties, and only con-

siders hard woods, oak and beech, as its standard. The use of trenails

is confined to the repair of holes in old ties, and their use is incon-

siderable in such woods as oak and beech.

The main objection to the Collet trenail is its size. It has been

described by Dr. Von Schrenk in Forestry Bulletin No. 50, and is illus-

trated in Plate I, with a screw-spike and the wooden plug commonly

used on French railways for repairing old holes. The difference in size

is large, the Collet trenail being i-}4 in. in diameter outside the threads.

This cuts away a considerable portion of the critical part of a tie, and

is considered by many engineers to weaken the tie too much. The plug

is only about an inch square. Nevertheless this screw dowel is largely

used in Germany.

The Collet trenail has been tested from the beginning by the Chemin

de Fer de l'Est, but the square plug illustrated in Plate I is preferred.

The wooden screw, often made of elm, cannot be put in place without

removing the tie from the track, and it frequently splits. Mr. Siegler

in his letter, states that the ties on the Chemins de Fer de l'Est are prin-

cipally oak and beech, while Mr. Cartault says the Paris-Lyon-Mediter-

ranean Company had a great many softwood ties in their tracks, which

evidently accounted for the more favorable reception in the beginning

of the Collet screw dowel on the latter, but the Paris-Lyon-Mediter-

ranean Company has now also given up softwood ties.

The Thiollier steel helical lining is being experimented with as a

substitute for the Collet trenail, and the Lakhovsky screw and steel
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casing (Bulletin of the International Railway Congress, March, 1007)

are considered worth trying by the Chemins de Fer de l'Est, de l'fitat

and de Paris a Orleans.
'

A very interesting paper which has a bearing upon this point is

given in Appendix F. It points to another partial remedy, the re-

moval of the screws from the office of holding the base of the rail to

that of holding down a large heavy cast-iron base plate approaching in

size that of the cast chair in use on English railways. This will be

appreciated when Plate XIII is examined. This brings in the subject

of tie plates, which it is not the writer's intention to discuss in this

article, although it is difficult to separate the questions of screw-spikes

and tie plates in the case of ties treated with an antiseptic fluid. The
object of this paper is merely to illustrate the fastenings employed by

some of the European railways, notably those of France, Germany, Bel-

gium and Great Britain, to ascertain the type and details of the most

successful screw-spikes and to explain that they are far from a perfect

fastening. We will now pass to their consideration.

In France there are six large railway systems, which are privately

operated under contract with the Government, and one railway system

owned and operated by the State (l'fitat). The screw-spikes used by

all except the last and the Chemin de Fer du Midi are illustrated in

Plate II. All of these screws are closely similar, although they differ

somewhat in detail. There are three sizes, referring to the diameter

of the neck under the cap, 0.79-in., 0.87-in. and 0.91-in., the latter pre-

dominating, and the diameter of shank for these sizes is 0.55-in., 0.59-in.,

and 0.65 to 0.67-in., respectively. The pitch of thread is generally 0.49-

in., although there is one 0.39-in., and one 0.31-in. The projection of

the thread from the stem is 0.12-in., but its cross-section varies slightly.

The length, of course, varies with the thickness of tie and other fasten-

ing details, while the diameter of cap runs from 1.38 to 2.05 in. The
head for the socket of the wrench i& from 0.79 to 0.91-in. square. Two
of the systems use two of these screws inside and two outside at each

rail, three use two inside and one outside (one of them in some

cases using one inside and one outside), while another has two inside

and one outside, alternating with two outside and one inside. In Ap-

pendices G and H are given the present specifications of the Paris-Lyon-

Mediterranean Company and the Chemins de Fer l'Est relating to screw-

spikes. They, will be found to be quite interesting.

In Belgium practically all the railways are government owned and

operated, and the screw-spike, Plates III and IV, differs somewhat in

the shape of thread from the foregoing, although the pitch is about the

same, being 0.47-in. for 105-lb. rail, and 0.38-in. for 115-lb. rail. Tht
diameter of neck is respectively 0.95-in. for 105-lb. rail and 1.18-in. for

115-lb. rail. Plate IV shows an interesting form of clip to be used

with the screw.

Plates V to XII illustrate German practice, and it will be noticed
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in Plate V that the same design of screw is employed by the Govern-

ment Railways of Saxony, Wiirttemberg, Bavaria, and Baden, while that

of the Elsass-Lothringen (Alsace-Lorraine) and Prussian State Railways

differs very little from it, principally in diameter. The diameter of the

neck under the cap is 0.79-in., and of the shank 0.59-in. The pitch of

the thread is 0.39-in., and its projection from the stem 0.10-in., which

are slightly less than the French Railways use. All of the lines in the

table (Plate V) use the Haarmann hook plate, but some place the hook

inside and some outside. In the former case, two screw-spikes are used

inside and outside at each rail, while in the latter case this order is

reversed. Only one road, the Elsass-Lothringen, confines itself to one

screw inside and one outside. The various designs of clips used are

illustrated in Plates VI to XII, and they usually provide for adjust-

ment in the gage, which in some cases is carried to extreme refinement.

A novel design for solving the joint problem is shown in Plate XII.

The Prussian Government Railways in their latest standard for track

superstructure (only introduced in 1908) fasten the two joint ties close

together.

All of the large railway systems in Great Britain use the double-

head rail, held in position in large cast-iron chairs by wedges, and con-

sequently the fastenings are for. securing ihe chairs to the ties. For

the purpose of fastening the chairs to the ties, the almost universal plan

is to use two iron or steel spikes andi two wooden trenails. The spikes

are not pointed, and are driven into previously bored holes. Instead of

the trenails, the London & Northwestern Railway makes use of twc

screw-spikes, which resemble those of the Belgian State Railways. All

are illustrated in Plate XIII.

The proof that the screw-spike is not a thoroughly efficient rail

fastening lies in the devices which have been invented to assist it in

its work, the square plug, the Collet trenail, the Thiollier helical lining,

and the Lakhovsky screw and case. Furthermore it will be found to

be a nuisance in the case of a derailment or wreck which has torn up

the track, and when broken off it must be replaced by another in a

new hole outside the tie plate.

Nevertheless, from its greater holding power, the verdict of the

engineers of the French, Belgian and German Railways is that it is

superior to the hook-spike, because they consider it very important to

hold the rail fast to the tie.

On the other hand, the British Railways do not seem to find the

screw-spike necessary for their large and heavy chairs, and they use

creosoted ties, as well as the Continental lines, but the holes for their

spikes are bored in advance.

It would simplify matters to do as the Great Western Railway has

done (Plate XIII), and use bolts passing entirely through the tie. This

plan might not be objectionable if it were not necessary to renew the

bolts, which would require the temporary removal of the tie. Even
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though the bolts do not break, they would surely have to be renewed

during the period of 18 to 25 years which the ties last, for we now
find it necessary to renew splice bolts in much less time. This is quite

likely the reason why the Great Western practice has not spread. The

question of rail fastenings would be an interesting one for discussion

before the International Railway Congress.

If the use of the screw-spike is to become general in the United

States, the design to be deduced from European practice is about as fol-

lows :

Diameter of neck under cap 1 in.

Diameter of shank or stem 94-in.

Pitch of threads Vz-in.

Projection of threads from stem Ml-in.

Length of base of thread in section S^j-in.

Base of thread divided into two parts
\
Upper part. s\-in.

by perpendicular from apex
\
Lower part. e

7
5 -in.

Diameter of cap 2 in.

Thickness of cap A-in.

Base of head (square) }§-in.

Top of head (square) Yz-'m.

Length of head Y^-'m.

Diameter of hole required for this screw §§-in.

The drawing of this spike is given in Plate XIV.
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PLATE I.
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PLATE I—Continued.

Chemin de F&r
de UEst

Square Wooden Plug
used for repairing old holes.
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PLATE IX.

Clamp.

Pennsylvania Lines
West of Pittsburgh.

Grand Duchy of Baden State Railways.

Rail Fastenings.
Scale FuM Size Oct. 1908.

Traced in Office of Chief Engr M. of W. SW. System.
N° 782Q
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Plate IX—Continued.
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PLATE XI—Continued.

.Sr€

1 jg

OE3

,691 ,.2S 2 ..e<3\

SCS I

SZ.SI .SZS

91 'C .S-/.S I

(0



Pennsylvania Lines
West op Pittsburgh.

Prussian State Rys •

Stamdaro Superstructure For9ILb. Rail Until 1908

1489



1490 THE USE OF SCREW FASTENINGS.

f\jWW



THE USE OF SCREW FASTENINGS. 1491

N

<0
CJ

(9

+-

£

f

* x

o «?

ro

1 °



I 192





in

CD
r-

ci

Z
en
c

<D

1494



RAILWAY

TRACKS ARE

,'on-Mediter-

', 1884.)

vtraction, to

h of thread

12-in., were

ie weight is

han that of

iroved by a

the resume

N. A HOOK-

OOD.

American
Cypress.

5,688
6,063

:d no more
did in soft

us to count

beech, for

5,5ii lbs. in

the case of

wood.

int of some

:e. To ac-

ir diameter,

?7-in. diam-

last method



32 1 g IDn+OV

SZIQ 3|qnoQ

doQ ^o ujo-^oq 04 P/
t

I

'////////////// 1

t.3Hias MSJ3S i° Sl'*v

a^^^^TM.& J

-1

in

-J o 2 a

5 iu 1

a " £
to >

^

n
<a Q -

2 w -a

H^^^-/////////. ////,/////,



Appendix A. *

EXTRACT FROM "STUDIES OF THE STABILITY OF RAILWAY
TRACKS."

EXPERIMENTS ON THE RESISTANCE OF THE ELEMENTS OF WHICH TRACKS ARE

COMPOSED.

By Jules Michel, Chief Engineer Chemin de Fer de Paris-Lyon-Mediter-

ranec.

(From Revue Generate des Chemins de Fer, No. 1, July, 1884.)

IV.

—

Resistance of Iron and Steel Screw-spikes to Extraction, to

Rupture, and to Flexure,

Screw-spikes of 0.79-in. diameter at the neck, with pitch of thread

of 0.39-in. and projection of threads increasing up to 0.12-in., were

adopted in 1876 by the Paris-Lyon Company (Fig. 3) ; the weight is

13.05 oz. apiece. Their resistance to extraction is greater than that of

the prismatic hook-spikes used up to that time, as was proved by a

series of experiments made in 1875, 1876 and 1877. Below is the resume

for different species of woods

:

TABLE OF PULLING FORCES NECESSARY TO PULL OUT FOR 0.20-IN. A HOOK-

SPIKE AND A SCREW-SPIKE BURIED 4.I3 IN. IN THE WOOD.

All figures in pounds.
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The following tabic compares the resistance of iron and steel screw-

spikes to a tensile force proportionate to their length :

Kind of Metal

Iron screw-spike

Method of
Manufacture.

Threaded cold

Steel Borew-epike Threaded cold
1 nm screw-spike
Steel Bcrew-spike

Threaded hot.
Threaded hot.

Breal ina
Strength
in Lbs.

12,346

17,196
24,250

Breaking
Strength

Lbs. per sq. in.

Limit "f
Elasticit j

I ibs, per sq. in.

56,893
78,228to85,340

64. I

78,228to92,451

31,201
04,000

111,000

According to these tests, the load which corresponds to the limit

of elasticity of steel is double that of iron, and the breaking strength

is 50 per cent, greater.

FIG. 3. STEEL SCREW-SPIKE.

Cap of Screw- spite

Scale: 2£ lima*

Screw - spike

0.fl3-«-

Inclination of tfi« faces of +he

ttiread. Scale, full size.
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If a steel screw-spike resists a tensile force up to 24,250 lbs. with-

out breaking, it can be made in practice to sustain the third of this

force, or 7,937 lbs., whilst the iron screw should not be subjected to

a force of more than 5,511 lbs.

The experiments indicate a slight superiority of screw-spikes made
by forging or rolling hot over those threaded cold, and we keep in

general to their manufacture while hot.

Screw-spikes have likewise been the object of experiments for learn-

ing their resistance to flexure or shearing from lateral forces.

The screw-spikes were driven in blocks of wood with and without

tie plates; the interval between the point of application of the load

perpendicular to the axis and the surface of the wood or plate was 0.79-in.

The object of the experiments of this collection was to determine under

what load the axis of the screw bent either 1 degree or 15 degrees. The
inflection of 1 degree is the commencement of the permanent deforma-

tion, and when it reaches 15 degrees, the base of the rail being no

'onger held by the head of the screw, safety is compromised by the lack

of fastening of the rail to the tie.

Here are the results of these tests

:

Arrangement of Test.



Appendix B.

THE QUESTION OF SCREW-SPIKES.

By Jules Michel, Ingenieur en Chef du Material fixe a la Compagnie

de Paris-Lyon-Mediterranee.

(Taken from Revue Generate dcs Chemins de Fer, June, 1S93.)

For a long time engineers have been engaged in substituting screw-

spikes for chair-pins or hook-spikes driven by a hammer, for fastening

rails to wooden ties. This question, being of greater interest in regard
to T rails than for chairs for doubie-hea'ded rails, was discussed at an
International Railway Congress at Paris, and more lately at the St.

Petersburg Congress. It has given rise to different valuations, doubt-

less owing to a lack of agreement as to the type of screw-spike. From
that has arisen the criticism of their use in certain countries, while in

others they have proved excellent.

To state the question with precision, I should like to give here the

experiments made during nearly twenty years on a large scale on the

railroad between Paris and Lyon ; to make known the type used in

these experiments, and to show the modifications to which it seemed
susceptible.

FIG. I. Screw SpiKe of the PLM Co for switches and crossings.

Side view of threads. D°"H"ed lines
indicate bevelling of threads at
lower end.

LIZ^

Since 1863 there has been used on the Paris-Lyon-Mediterranean,

for fastening the chairs of switches, an iron screw-spike, threaded while

cold, the length of whose threaded part was 4.89-in.

1498
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The diameter at the top was 0.79-in. and in the body it was not

more than 0.55-in., leaving on each side a projection of 0.12-in. for the

thread, the pitch of which was 0.28-in. ; the base of the triangle form-

ing the thread was 0.16-in., divided into two unequal parts of 0.06-in.

and 0.10-in. by the perpendicular from the apex.

This screw-spike had already been well studied, particularly if we
compare it with the screw-spikes or screw nails (Schrauben-Nagel) used

for several years previously in Germany.

F I G. 2, Screw SpiKe used by Grand Duchy of Baden
State Rvs. previous +0 i860

Fig. 2 shows the screw-spike used by the Grand Duchy of Baden

State Railways previous to i860; it was driven by a hammer as well

as the hook-spike (Schienen Kloben) shown in Fig. 3.

FIG. 3. Hook Spike used by Grand Duchy of Bac
State Rys. previous to I860.
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This hook-spike gave in fact very good results, and recently again

foreign engineers who had adopted it because of its superiority over the

other types of hook-spikes have told me that these good results satisfied

them, and that they saw no necessity for replacing it with screw-spikes.

FIG.4, Hook Spike used by PL.M. Co. Weight 0.85 lbs.

OSS'
,

A.2S" L 0.7»- .U 0,87

sac 7~3SC

S
iP1

Its length with the head is 5.90-in. ; the prismatic body is 0.75-in.

between the faces and 0.79-in. between angles. It was driven with a

hammer in a previously bored hole 0.63-in. in diameter. It entered

with friction and compressed the fibers of the wood. I gave, in the

Revue Generale des Chemins de Fer, for July, 1884, page 12 (Appendix

A. the resistances which it offered to pulling out in different kinds

of wood; that is to say, from 3,960 lbs. to 4,400 lbs. in hardwood. The

hook-spike weighed 0.86-lb. and cost about 2 cents each.
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But with t lie development of traffic and increase in speed, the re-

sistance to pulling out of this spike became insufficient and it was neo
sary to substitute scrtw-spikes.

From i860 the Companies du Nord and de I'fist, whose types of

hook-spikes (Figs. 5 and 6) were very defective, had had recourse to

screw-spikes (Fig. 7) for the ties of their main tracks. These screw-

spikes were of the same dimensions as those of the Paris-Lyon-Medite*- -

FIG.7
Screw SpiKes (1863)

ranean Company (Fig. 1), which those of the Company de I'fist very

much resembled.
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In 1875, in consequence of the experiments related in the Revue

(morale for July, 1884 (Appendix A), the screw-spike was adopted

by the Company de Lyon, to ihe exclusion of the Look-spike, and it was

given the form illustrated by Fig. 8, which shows much resemblance to

FIG.8. Screw SpiKes P L.M. Co. ( 187 <o)

Weight 0.79 lbs

that of the Company du Nord, but which introduced a considerable im-

provement by enlarging the pitch of the helix. The prism of wood

between two threads, which is what offers the resistance to pulling out,

was 0.39-in. in height instead of 0.28-in. Its resistance should therefore

be theoretically doubled, and the wood fibers should be better preserved

during insertion.

At the same period the question of the use of the screw-spike was

discussed in the meetings of the Union of German Railways, and then

at the eighth session of the Society at Stuttgart, in 1878, the reporter

concluded by recommending the use of screw-spikes instead of hook-

spikes for fastening the rails to ties (see Revue Generale des Chemins

de Fer for April, 1879, p. -361).

The screw-spike adopted by the Paris-Lyon-Meditciranean Company
was first made of iron and threaded cold. Towards 1S7S an attempt

was made to form the threads by hammering while hot in a suitable

die. The hammering produced a useful refining of the nietai, but it

required a particular skill of the workmen, and too often the threads

were defective. However, this was used concurrently with the cold

threading to hasten the production of the considerable quantities neces-

sary for finishing old and new lines, which were developed to the extent

of about 134 miles each year.

(During 18 years the number of screw-spikes manufactured according

to the count of the Paris-Lyon-Mediterranean Company was 73,000,000.

a little more than 4,000,000 a year.)

But the upsetting of the metal to make the hexagonal head adopted

in imitation of the type of the Company du Nord was quite a delicate

operation; the great heat required often burned the iron, and the head

frequently became detached from the screw-spike. The wrench for

screwing or unscrewing the screw-spike was of an inconvenient size

;
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finally, ruptures or torsionaf stresses were also produced under the forces

to which the screw-spikes were subjected, at the place where the opera-

tion of threading began to lessen the section of the shank. The resistance

of the metal was insufficient.

From the moment when it was necessary to think of increasing the

solidity of track fastenings, it was found possible to do so by enlarging

the dimensions of the shank, as the Companies du Nord and de l'Est had

just done, as they had recognized on their part the same disadvantages

and had just adopted an iron screw-spike of 0.91-in. diameter, with a

shank of 0.67-in. in diameter instead of one of 0.55-in. which they at

first used. This type is still in use by those companies.

Figs. 9 and 10 show the latest type of screw-spike used by the Com-

panies du Nord and de l'fist, and Fig. 11 shows the type used by the

Belgian State Railways for "T" rails (Goliath type).

But in changing the diameter of the fastenings on the tracks of the

Paris-Lyon-Mediterranean Company where plates were used having holes
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of 0.79-in., it was found impossible to use the old plates without reboring

the liolcs, and after a number of trials it was decided to use steel as

having a greater resistance to rupture; at the same time a spherical form

FIG. I I. Sere** Spike for T rails (Goliath Type)
Belgian State Rys

of head was adopted similar to that used by the Company de l'fist

(Fig. 7). This measure dates from 1881, and since then the use of steel

has enabled us to count on a regular manufacture of the screw-spike

heads, besides forming the threads by hot rolling in a machine having

triple milling wheels (Fig. 12).

FIG. 12. Screw SpiKe of the PL.M.Co.(l88l) Weight 0.88 lbs

These machines, which, on account of tearing, cannot be used for

iron, have given excellent results with steel. One machine can make
nearly 3,000 screw-spikes per day, without any fatigue to the operator,

and without the rapidity of production interfering with the regularity

of execution.

Finally, in 1889, new experiments were undertaken to ascertain if

the pitch of the helix cculd be increased in order to render the descent
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of the screw-spike more rapid without impairing the resistance to pulling

out.

From these trials, the results of which are shown in a table further

on, the screw-spike (Fig. 13) was adopted. It has nine spirals with a

pitch of 0.49-in. The thread projects 0.12-in. from the shank. The

FlGr. 13. Steel Screw SpiKe of the PLMCo (1889) Weight 0.92 lb

flA9

_. 6 of +1

twice natural

i Axis of If Screw SpiKe

Defoils of Trireod
' sue

:(T1

4ftS" T0 445
Ata-

section of the thread is between a right-angled triangle and an isosceles

triangle. The head is a flattened mushroom in shape, and surmounted

by a square prism to engage the wrench for screwing down.

It is made of soft steel by hot rolling, whose resistance to rupture

is from 65,412 lbs. to 71,100 lbs. per sq. in. with an elongation of

from 25 per cent, to 28 per cent.

It weighs 0.91 -lb. and its average cost is 3 cents. It costs, there-

fore, 1 cent more than the old-style iron spike, but the resistance to

pulling out is tripled, and the track fastenings do not become loosened

so frequently as formerly, after a few months of service. This loosen-

ing gave rise to an injurious hammering of the base of rail on the tie

plate or the tie, and allowed the sand from the ballast to work in under

the base of rail, thus inducing its wear, varying with the amount of

traffic.

The conclusion is, that the use of a screw spike of properly studied

type gives stability to the track and prolongs the life of the rails, tie

plates and ties.

It is easy to account for the fact, moreover, that it never occurs to

the trackmen, provided with the cross-arm wrench, to use a hammer to

drive down screw-spikes having such projecting threads, with so little

inclination.
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The hole in which the screw-spike is screwed should have a diameter

of 0.55-in. to 0.59-in., like the shank of the screw-spike, whatever the

nature of the tie wood, he it fir or oak.

The wood is compressed by the introduction of the threads, and the

friction of the shank against the energetically compressed fibers of the

wood adds to the resistance of the threads against the loosening of the

screw-spike.

After several weeks of service it is usually necessary to retighten

the screw-spikes, not because they are loose themselves, but because the

surfaces in contact, rails, tie plates and ties, have, so to speak, effected

their settlement and are exactly in contact, made so by the weight of

passing trains.

From this moment the fastening is complete.

The following table gives a resume of the trials made at different

times by the standard material department of the Paris-Lyon-Mediter-

ranean Company

:

TABLE No. 1.

FORCES NECESSARY FOR EXTRACTING BY 0.20-IN. SCREW-SPIKES 0.79-IN.

AND 0.91 -IN. IN DIAMETER, WITH THREADS OF 0.39-IN. AND 0.59-IN.

PITCH, SUNK 4.14-IN. IN WOOD OF VARIOUS SPECIES AND AGES.

Date
of

Trial.

Diam,
of

screw-
spike.

Ins.

Pitch
of

helix.

Ins.

North-
ern
Fir.

Lbs.

Landes
Pine.

Lbs.

Beech.

Lbs.

Oak.

Lbs.

Diam.
of

hole in
wood.

Ins.

Remarks.

1875

1881
1889

1889
1889
1891
1889

1889
1889

0.79

0.79
0.79

0.79
0.79
0.79
0.91

0.79
0.79

New wood currently employed in tracks.
39

39
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The increase of the pitch to 0.59-in. appears to diminish, on the con-

trary, the resistance, which is only 12,458 lbs. against 12,844 lbs. in

the case of a pitch of 0.49-in.

Finally, the screw-spike of 0.91-in. diameter, with a pitch of 0.39-in

and threads only 0.12-in. deep, does not appear to give as good results

as the screw-spike of 0.79-in. diameter with a pitch of 0.49-in., either

in Northern tir or oak. (The tests shown in the preceding table

show considerable variations, which is not to be wondered at, since

it is impossible to count on the homogeneity of the wood subjected

to the experiment. It has been necessary to make quite a large number

of tests to obtain an average value, which should only be considered as

approximate).

Study has also been given to the form of the thread, a cross-section

of which may show either an isosceles or a right-angled triangle, or a

form intermediate between the two, like the one adopted by the Paris-

Lyon-Mediterranean Company in 1863 (Fig. 1).

The tests made in 1889 have given the following results as to the

force necessary to pull out for a distance of 0.20-in. different types of

screw-spikes, driven in either new oak or in ties which have already

had 9 years of service.

TABLE No. 2.

Dimensions of
Screw-Spikes.

Isosceles
Thread.

Right Angled
Thread.
*

Remarks.

Screw-Spikes 0.79 in. in diameter. New tie.

Pitch of 0.39 in. i 11,687 lbs. I 12,039 lbs. I Average of 4 trials.

Pitch of 0.59 in. 12,458 lbs. 12,513 lbs. Average of 4 trials.

Pitch of 0.49 in. | 13,010 lbs.
I

13,561 lbs.
I
Average of 4 trials.

Screw-Spikes 0.91 in. in diameter.

Pitch of 0.49 in. | 13,424 lbs. | 13,424 lbs. | New tie.

Screw-Spike 0.79 in. in diameter.

Pitch of 0.39 in. I 10,253 lbs. I 9,923 lbs. I Ties 9 years in service.
Pitch of 0.49 in.

I I 11,576 lbs. | Ties 9 years in service.

Screw-Spikes 0.91 in. in diameter.

Pitch of 0.49 in. I 11,246 lbs. I 11,025 lbs. I Ties 9 years in service.

These experiments do not permit of giving preference to a thread

of right-angled form over one of an isosceles triangular form ; in addition,

the Paris-Lyon-Mediterraean Company is holding to a form used for a

long time, since they have found no reason for changing it.

We may conclude from the last tests given in Table No. i, what is

the resistance to crushing of oak wood, compressed by the introduction

of the threads of a screw-spike of 0.79-in. in diameter.

The resistance to pulling, according to the experiments of 1889, is

12,844 hbs. This is furnished by the pressure of 9 spirals o.n82.-in.

deep and of ^ xo.6698-in. of average development, forming together a

surface of 9x0.2487= 2.2383 sq. in., and by the friction of the shank

proper, of 0.552-in. over a length equal to two-thirds of the penetration
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of the screw spike, since the thread occupies 0.16-in. of the pitch, which

is 0.49-in.

Now, a direct trial gives for a smooth stem of 0.55-in. a resistance

to pulling of 3,308 lbs. We may therefore admit that the shank of the

screw-spike would give by itself a resistance of 2,205 lbs., leaving then

10,639 lbs. for the pressure on the surface of 2.2383 sq. in., or, a re-

sistance of 4,753.1 lbs. per sq. in. in new wood.

For ties having been 9 years in service, the resistance should only

be 9,371 lbs., or 4,195.8 lbs. per sq. in.

From the experiments related in the Revue des Chemins de Fer, for

July, 1884, the resistance of new oak to compression is 3.4!3-5 lbs. The

upsetting of the wood fibers by the operation of screwing in the screw-

spike would then increase the resistance by 40 per cent.

The steel of which the screw-spikes are made gives a resistance to

rupture of from 64,004 lbs. to 71,115 lbs. per sq. in., or 10V2 times the

resistance to compression of the wood of ties which have been in service

several years.

Is there not reason for demanding if the best form of screw-spike

should not be that which would simultaneously stress the two materials

in contact, the steel and the wood, to the limit of the resistance of which

they are capable?

The screw-spike of the Paris-Lyon-Mediterranean Company does not

answer to this definition, for the metallic shank resists a force of from

15.435 lbs. to 17,640 lbs., an average of 16,538 lbs., before breaking,

whereas the wood yields to a force* of 12,844 lbs. in new wood and

11,576 lbs. in old wood, an average of 12,128 lbs.

The surface of the threads would therefore be increased at the ex-

pense of the shank of the screw-spike unless it is done by increasing

their number by lengthening the threaded part. By supposing that the

diameter of 0.79-in. of the stem is preserved, it would be necessary to

give the shank a diameter of 0.50-in., or an area of 0.20 sq. in. instead

of 0.24 sq. in. for a diameter of shank of 0.55. The resistance to

rupture would not be over 13,781 lbs. for the steel screw-spike.

If the shank has a diameter of 0.50-in., the threads will form a

projection of 0.14-in. on each side. In projection on a plane perpendicular

to the axis of the srew-spike each turn of the spiral will have an

area of 0.28 sq. in., and if there are 9 whole spirals, the total area of the

threads applied against the wood will be 2.59 sq. in., instead of 2.23

sq. in. as in the actual screw-spike, an increase of 0.36 sq. in.

The resistance to pulling out will increase, therefore, by 0.36 X
4>753-i °r r>7U H> s - That is to say, instead of 12,128 lbs. we will have

a resistance of 13,839 lbs., nearly equivalent to the resistance to rupture

of the shank of the screw-spike.

If, in place of ties of hardwood, such as oak or beech, we use soft-

wood such as Northern fir, it would be necessary to increase the pro-

jection of the threads at the expense of the diameter of the shank, on

account of the low coefficient of resistance to compression of softwood.
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It would be very desirable to increase slightly the depth of the

thread of the screw-spike in use by the Paris-Lyon-Mediterranean Com-

pany. We cannot think of increasing the length on account of the

thickness of the ties, which practically, after several years of service, and

after the dapping which they have to undergo, are scarcely more than

4.73 in. thick.

The observation which precedes will seem to be somewhat theoreti-

cal, but it may at least serve as a guide for engineers who are engaged

in replacing hook-spikes by a well-studied type of screw-spike in which

the material is rationally utilized.

These studies are not unavailing, for if we go back to the experi-

ments made in 1875 and 1889, on extractions from oak and Northern

fir ties, we see that the improvements made in the design of the screw-

spike and in the method of manufacture have increased its resistance by

about 30 per cent, or 7,640 lbs. against 5,733 lbs. for fir and 12,844 lbs.

against 9,922 lbs. for oak.

To recapitulate, that which should be recommended for fastening

the base of rail to wood ties is a screw-spike of steel, threaded while

hot, of which the pitch is at least 0.47-in. for a stem 0.79-in. in diameter

and of which the length, the diameter of the shank, and the depth of

threads are calculated respectively to offer a resistance to pulling out,

considering the nature of the ties, nearly equivalent to the resistance to

rupture of the shank of the screw-spike.

Finally, the screw-spike should be inserted in a hole bored in advance

by an auger, with a diameter a little larger than that of the shank. This

hole should be enlarged or countersunk 0.08-in. or 0.12-in. at the top

to facilitate the introduction of the cylindrical part of the screw-spike

into the wood, in which it is engaged about 0.39-in.
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RESISTANCE OF SCREW-SPIKES TO BEING PULLED OUT.*

(Translated from Revue Generate des Chcmins de Fcr for February, 1897,

No. 2.)

The Bulletin of the Society of Civil Engineers of April, 1896, gives

a report from the American Machinist, showing the results of some very

interesting experiments on the resistance of screw-spikes to pulling.

The trials were made with screw-spikes of different diameters which

were screwed into different kinds of wood, in which were bored holes

of various diameters.

The forces were measured by a testing machine.

Results are shown in attached table.

We have added the last two lines to this table; they make clear

that, in general, the resistance to pulling, per sq. in. of engaged surface,

may be considered as nearly constant, appearing to increase slightly as

the diameter decreases.

It can also be seen that it is not an advantage to make the holes

small; screw-spikes of 0.83-in. give the same result with holes of 071-in.

as with those of 0.59-in. in diameter.

Let d = exterior diameter of screw-spike.

d{= interior diameter or that of the shank.

/= length engaged in the wood.
t,= tensile strength of metal.

t— resistance to pulling per sq. in.

P= total force which screw-spike can safely endure.

We have

:

Trd:
3

P= irdlt= U

4

d\ U
or 1 =

4 dt

711

But we may take at least for pine a value of t = = 177.7, and

for
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and if we put di= o.7d

o.49d
a

. /= 8 X = 4d

d

It becomes necessary, therefore, to make the threads penetrate into

tlie wood four times the diameter.

The value of P will be approximately

:

7T

P=— 5688 X o.4QfiP= 2189.2^

4
P= 7rdl 177/ =559-26 dl.

Exterior diameter of srrew-
spike in.

Diameter of holes in.

Length of thread engaged
in the wood in.

Kind of wood
Forces necessary to pull

screw-spike lbs.

Surface of screw-spike en-
gaged in wood sq. in.

Force per sq. in. necessary
to pull spike lbs.

0.83

59

3 00

Pine

5874

7.77

754

0.83 0.83 0.83
I

0.65 0.71

3 00 3 00

Pine, Pine

5874

7 77

754

5984

7.77

77S

0.71

4 93

Pine

S954

12.79

697

1

0.830.71
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GENERALIZATION OF THE EMPLOYMENT OF SCREW-SPIKES

FOR FASTENING VIGNOLE RAILS ON GERMAN LINES.*

The system of the Prussian Government has prescribed the general

employment of the screw-spikef for fastening rails with a base on wood

ties on important lines; from April i, 1899, this measure will extend

to the work of repairs and of maintenance on all lines of the system.

Up to the present time the fastenings often only consisted of hook-

spikes; in other cases, hook-spikes were employed on the exterior of

the track and screw-spikes on the interior. This last method had been

adopted because it was admitted that screw-spikes were better suited for

resisting the forces of extraction produced by the overturning tendency

of the rail towards the outside, whilst the hook-spikes were made more
for resisting the forces of compression resulting from the spreading

tendency of the track.

But the result of many observations is that the ties are much more
damaged by the driving in of hook-spikes than by the boring of holes

and screwing in of screw-spikes. The exclusive employment, therefore,

of the latter is of great importance from the point of view of firmness

of fastenings and conservation of ties.

It should be noticed, besides, that the adoption of a uniform type

of fastening allows of provision being made for a supply of plates

drilled exactly according to the dimensions of the screw-spikes; so that

the whole system of fastenings and maintenance of track in general is

simplified. Till now, even when laying track with screw-spikes and
hook-spikes, very often a single type of plate is employed; sometimes

the latter were only drilled with the round holes, and sometimes they

had both round and square holes. In many cases, this system only con-

stituted a makeshift, particularly when it is a case of driving square

hook-spikes in round holes.

It should be considered, on the other hand, that when generalizing

about the employment of screw-spikes, ties can be bored before injection.

The antiseptic liquid can then impregnate the wood which surrounds

the holes, and by them into the middle of the ties, a condition which

is eminently favorable from the point of view of their life. All these

advantages are, when added together, very superior to that which is

taken away at first with the hook-spike, the plane surfaces of whose stem

evidently give more resistance against track spreading. Boring before

injection is of the highest importance for beech ties.

•Extract from Centralblatt der Bauverwaltung, No. 10, March 5, 1898.

tSee Revue Generate for May, 1885, and June, 1893.
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By adopting the system of laying represented by Fig. 12, the gage

of the track can be modified at will by cutting, before injection, the

two notches with a single templet; all the ties can thus be indifferently

employed on tangent or curve.

The management of the Eissen railways has made numerous trials

to determine the practicable diameter to be given to the augers to be

used for boring the ties. The result of these trials is that the diameter

of augers should be, for oak or beech, larger by 1 millimeter, and, for

pine, smaller by 1 millimeter at the bottom of the thread of screw-

spikes ; according to these dimensions, a limit of wear of .5 millimeter

can be allowed for the augers.

£>o*sg&& Aw//-?

3'* &/+

With the Douglas auger with two spirals (Fig. 13, American auger),

the most widely distributed at the present time, the cleaning out of the

chips is not regularly made. The Irwin auger (Fig. 14), with a better

formed single spiral, clears the whole perfectly, even when the tie is
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not bored through; the holes which it bores give, besides, a smoother

wall than the other augers.

Nevertheless, boring by hand is absolutely defective, because the

auger easily deviates, and bores crooked holes, which increase the re-

sistance to insertion of the screw-spike. When the resistance is very

strong, and the spike is screwed in by two workmen, it bends and makes

an oval hole.

In principle the holes should be bored so that the spikes can be

tightened by a single workman of ordinary strength, using a wrench

with a cross handle the total length of whose branches should be 10.4 in. X
2= 20.8 in. This result will be obtained with certainty by using augers

of the diameter above indicated, and by boring the holes mechanically.

The boring machine of Surpless, Dann & Adler of New York is partic-

ularly to be recommended. Its light weight of 19.8 lbs. renders it very

portable, and it only costs about $4.80; it bores the holes very straight,

and twice as rapidly, while tiring the workman less than by hand.

In the tests for extraction, the spikes screwed by a single workman
into holes of the diameter indicated (according to the rule of 1 milli-

meter greater or less than the bottom of the threads of the screw-

spike) have resisted the following forces (see Revue Generate for June,

1893, and February, 1897) :

Kind of Ties.



Appendix E.

GENERAL CONSIDERATIONS ON THE FACILITY OF INSER-
TION OF SCREW-SPIKES.*

APPARATUS FOR EXPERIMENT.

By M. E. PerrouDj Engineer of Track, Chemin de Fcr du Nord.

Part I.

The fastening of Vignole or "T" rails in tracks, which are laid

with wooden ties, is actually made, in a general way, on French tracks

by means of screw-spikes, which are screwed by the aid of a wrench

with a cross handle into holes provided for that purpose in the ties.

Tbe diameter of these holes should be determined in some such way
as this

:

(i) The wood of the tie, inside of the hole, should not be sub-

jected to forces of compression able to destroy the cohesion of its fibers

and its elasticity.

(2) In its descent the screw-spike should not be subjected to forces

of torsion capable of altering the elasticity of the material of which it

is made.

The result of these two conditions is the easy insertion of the screw-

spike, without requiring either the application of forces too large for

the wrench or the employment of a wrench with too great length of

cross handle.

In fact, when a screw-spike is screwed into a new hole, it is sub-

jected to a torsion, resulting from its friction against the wood of the

tie, which it strongly compresses in the interior of the hole.

I—Compression of the Wood.

The compression of the wood, from the effect of the screwing in

of the screw-spike, is naturally a function of the ratios of the diameter

of the hole bored in the tie to the diameter of the stem, to the variable

diameters of the truncated part which joins the stem to the neck, and to

the diameter of this neck (Fig. 1) ; it depends, besides, on the form,

the volume and the projection of the thread, on the pitch of the screw-

spike, and above all finally in a very large measure, not only on the

species, but also on the state of dryness and homogeneity of wood of

which the tie is made.

The penetration of the threads of the screw-spike in the tie crowds

the wood around the threads. The value of the compression N per unit

of surface, normal to the surfaces in contact which result from it, ought

Translated from Revue Ggnerale des Chemins de Fer for August, 1906,

No. 2.
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to be suitably chosen so that the wood may not undergo any alteration

capable of diminishing the resistance of the screw-spike to extraction.

This value of the compression is larger towards the extremity of the

thread than near the stem.

^9 '

"V'
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If the ties were indeed homogeneous in composition over the whole

length of the hole which is to receive the screw-spike, a constant value

in each section of the thread would be obtained for the mean com-

pression Ni, but experiments prove that it is not absolutely so. The

screw-spike may in fact encounter parts of the wood more or less hard,

more or less knotty, more or less dry, which, being consequently more

or less compressible, therefore present points of more or less resistance.

It is possible to take account approximately, by calculation, of the

value of the mean compression Nt, if the value of the couple necessary

for screwing in the screw-spike is known. In fact the forces applied

at the wrench, in order to insert the screw-spike, should be reduced

to a couple in a plane perpendicular to the axis of the screw-spike, for

without this condition there is a tendency for the wrench to overturn.

By designating by F the forces acting on each of the arms of the cross

handle of the wrench, and by "a" the distance of its point of applica-

tion from the axis of the screw-spike, the expression for the moment

of torsion is:

M'

T= 2 Fa

The torsion meter of Mr. Albert Collet, of which a description is

given in the second part of this note, enables us to ascertain the value

of this moment of torsion. From it the value of the mean compression

Ni on a section of the thread can be deduced by stating that during
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the descent of the screw-spike the value of the moment of torsion can

be superior or at least equal to the sum of the moments relative to the

axis of the screw-spike, of the projections on a plane perpendicular to

that axis, of the forces which act on the screw-spike.

During the descent of the screw-spike we consider two periods:

(i) Descent of the stem;

(2) Descent of the truncated part.

(1) Descent of the Stem: If, when using the Collet torsion meter,

care is taken to note the descent of a screw-spike exactly and to note

the corresponding indications given by the pressure gage, it is found

that the descent is very sensibly proportional to the forces applied to

the wrench, when the tests are being made on ties of homogeneous com-

position ; the result from this is that the moment of torsion M'T neces-

sary for the descent of the stem is uniformly distributed over all the

buried length of the screw-spike.

From these indications we have shown in Fig. 2 the results of ex-

periments made by screwing a screw-spike into three holes (I, II, and

III) of the same diameter, bored in the same tie. The relative lines

of the experiments made in holes I and II are very noticeably linear;

the variations of the lines relating to experiments made in hole III can

only be explained by the encounter of the screw-spike with knotty parts

of the wood.

If we take the mean of these three experiments, it is seen that

in order to completely sink the stem of a screw-spike a moment of torsion

of about 115.7 foot-pounds, resulting from the application on the wrench

of two forces of 88.18 lbs. in opposite directions, and respectively placed

at a distance of about 0.656 ft. from the axis of the screw-spike wrench,

is necessary (see in part II the indications given by the Collet torsion

meter).

88.18 lbs. X 2 X 0.656 ft.= 115.7 foot-pounds.

As the stem has eight spirals of threads the moment of torsion M'.p
necessary for sinking the stem by a quantity equal to the pitch will be

:

1 15-7

M'p= = 14.47 foot-pounds.

8

Each rotation of the screw-spike in order to make a complete turn

will therefore require an increase of muscular effort on the part of

the man who is putting in the spike equal to

:

14-47

= 11.04 lbs.

i-3i

applied 0.656 of a foot from the axis of the screw-spike.

By taking "a" = 0.82 ft. there would be an increase of muscular

effort equal to:

14-47

= 8.82 lbs.

1.64
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Taking the moment of torsion M' T necessary for the total sinking

of the stem, which we will suppose to have "n" spirals of thread, the

moment of torsion M" P necessary for sinking the stem by a quantity

equal to the pitch of the thread is

:

M"T
M'P=

n

if the ties used are of homogeneous composition. If the ties be not

homogeneous over all the depth of the hole, the Collet torsion meter

would moreover allow of the determination of the moment of torsion

M'.p for the different periods of descent.

Knowing experimentally the value of M' Tl and, consequently, of

M'.p, the value of the mean compression Ni of the wood per unit of

surface can be deduced from it, it being supposed that each element of

the surface (ds) of the thread and of the smooth part of the stem is

subjected during the descent of the screw-spike to the action of the

normal force (Nds) and of the tangential force (fNds) ; "f" designates

the coefficient of friction of the screw-spike on the wood, "/' — 0-5 aP"

proximately. In order to determine this value it will be sufficient to state

the equation of equilibrium which we have previously pointed out.

The friction of the smooth part of the stem on the wood is not

certainly nil, even if the diameter of the hole has been made one milli-

meter greater than that of the stem, for as we have said, the wood
from the effect of screwing is found crowded into the space for the

threads ; nevertheless if it should be admitted that there is no friction

on the stem, a mean pressure N2 would -be found on the faces of the

threads, whose value would be greater than Ni. If besides it should

be admitted that the pressure is proportional to the penetration of dif-

ferent points of the surface of the thread, the maximum pressure at the

extremity of the thread will be 2N2.

It is necessary therefore to choose such sections of thread and such

diameter of auger that the maximum compression 2N2 cannot injure the

elasticity of the wood.

If we refer to the article of Chief Engineer Michel on the resis;ance

to the extraction of screw-spikes in the Revue Generate for June, 1893,

Appendix B, it will be seen that the experiments made to determine the

resistance of new oak wood to compression gave 3,414 lbs. per sq. in.*

Mr. Michel has shown besides that when the wood is compressed, as

when putting in a screw-spike, a new state of equilibrium is established,

and that the crowding of the wood by the operation of screwing increases

the compressive resistance of oak by about 40 per cent.

•According to Chevandier and Wertheim, the limit of elasticity or load
per sq. in. of transverse section under which the elasticity of wood begins
to be injured is valued at:

For fir 3,058 lbs. per sq. in.

Fur beech 3,300 lbs. per sq. in.

For oak 3,342 lbs. per sq. in.

For pine 3,318 lbs. per sq. in.
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(2) Descent of the Truncated Part: The length of the generatrices

of the faces of the thread on the truncated part diminishes as the thread

approaches the neck.

It is possible to seek the equilibrium, as in the case of the stem,

between the moment of torsion M" T necessary for sinking the truncated

part and the moments of the projections on a plane perpendicular to

the axis of a screw-spike of the forces (Nds) and (fNds) acting during

the descent of a screw-spike, in each elementary surface (ds) of the

thread and of the smooth part of the truncated connection ; this opera-

tion is long and cannot result in simple formulas. But if it is noticed

that the threads of the truncated connection have the same exterior

diameter as that of the threads of the stem, and that their scats in the

tie have been prepared by the passage of the threads of the stem, we
can be satisfied, as an approximate value, with considering the threads

as removed from the truncated part and examining that part as if it

were entirely smooth. In this case, therefore, we arrive at formulas

more easy of application.

By referring to Fig. 2, on which curves of forces relating to the

sinking of the truncated part of the screw-spike in three holes bored

in the same tie, are drawn, it is seen that the general appearance of each

of these curves is such that again the proportionality of the forces for

sinking the truncated part of the screw-spike can be very clearly ad-

mitted. The moment of torsion M".T necessary for the total descent

of the truncated part can be considered as uniformly distributed over

the whole length of the trunk of the cone.

The mean of three experiments which we have shown in Fig. 2 gives

a force of 114.64 lbs. applied to each arm of the wrench at 0.656 ft. from

the axis of the screw-spike for the total descent of the stem and of

the truncated part. As a mean of 88.18 lbs. was necessary for sinking

the stem only, the difference, 114.64— 88.18= 26.46 lbs., is therefore re-

quired for the sinking of the truncated part.

The value of the moment of torsion M" T is consequently

:

M"T = 26.46 lbs. X 1.31 ft.= 34.72 foot-pounds,

and this moment of torsion is obviously distributed in a uniform man-

ner over the whole length of the truncated part.

Knowing M" T> it is therefore possible to deduce approximately the

value of the mean compression ATi of the wood.

II—Torsion of the Screw-Spike.

We will be considering the most unfavorable condition for resistance

by regarding the threads as absent, and only taking account of the re-

sistance to torsion of the smooth part of the screw-spike.

Knowing that the moment of torsion M' T is uniformly distributed

over the whole length of the stem of the screw-spike, the angle of tor-

sion and the stress in the most strained section, which occurs at the

base of the truncated connection, can be easily deduced.
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Knowing that the moment of torsion M' T is nnifonn'v distributed

over the whole length of the stem, and that the moment of torsion M" T
is also distributed in a uniform manner over the whole length of the

truncated part, thq angle of torsion and the stress in any section what-

ever of the truncated part can be easily calculated.

The problem of the resistance of the screw-spike to torsion is there

fore solved as soon as the value of the moments of torsion of 71/'
7

. and

M' T ,
respectively, necessary for the sinking of the stem and of the

truncated part are known.

Ill—Influence of the Number of Insertions.

The moment of torsion necessary for the descent of the scrcw-spikt

diminishes in value with the number of insertions.

The wood of the tie by reason of the crowding thus assumes, as

we have said, a new state of equilibrium, of which we can take account

by experiments by means of the Collet torsion meter.

The screw-spike having been first screwed into the tie, we have

withdrawn it in order to insert it again in the hole which it has made.

We have reproduced in Fig. 3 the curves relating to the first, the

second, the third and the fourth insertion of the screw-spike in the

same hole of the tie. This figure shows the very obvious diminution of

the value of the forces for the first insertion. It corresponds with the

experiments made on hole No. 1, whose curve of forces has been rep-

resented for the first insertion in Fig. 2. By making the same experi-

ments for holes Nos. II and III, whose first insertions are represented

*'9-4

o/ 1

434- /V/A

34-7•&/*

7JT

in Fig. 2, curves analogous to Fig. 3 are obtained. By taking the mean

of all these experiments, it is seen that the first insertion of the stem

of the screw-spike requires a moment of 1157 foot-pounds, and the second

insertion only requires a mean force of 72.3 foot-pounds, or a diminu-

tion of 43.4 foot-pounds. A third insertion requires no more than

50.6 foot-pounds, and a fourth insertion no more than a moment of 43.4

foot-pounds.
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l'.y taking two axes of co-ordinates, one for the moments and the

other for the number of insertions (Fig. 4), a curve whose tangent is

perceptibly horizontal at the end of the fourth insertion of the screw-

spike is obtained by using the mean value above indicated for the total

descent of the stem only.

The crowding of the wood continues therefore to take place with

the number of insertions, and the value of 43.4 foot-pounds for the

moment of torsion obtained on the fourth insertion of the s.em of the

screw-spike proves that the wood does not in consequence lose its elas-

ticity. The insertion of the screw-spike can only be made without force

at the -end of a long duration of time, and by successive insertions.

Analogous curves for the total sinking of the screw-spike can be

constructed.

The moments of torsion diminish in value with the number of in-

sertions of the screw-spike ; its stress in torsion during the descent goes

on diminishing therefore in like manner with the number of insertions.

IV—Influence of Greasing of Screw-Spikes.

In railway practice, in order not to place too great a torsion stress

on the screw-spike, it is customary to grease the threads before their

introduction into the new hole bored in the tie. The placing of the

screw-spike is thus facilitated.

If the mean of the forces for the first insertion of a screw-spike

not greased, in three holes of the same diameter, gives a moment of

1 15.7 foot-pounds, for example, for the total sinking of the stem, the

mean of three experiments made under the same conditions with a

greased screw-spike gives 65-1 foot-pounds.

The ratio of the forces in these two series of experiments is then,

65.1

= 0.56

1157

and the stress of the screw-spike in torsion is diminished in the same

ratio ; this result shows the importance of greasing the threads before

placing the screw-spike in a newly bored hole.

We can compare in like manner, as has been shown in the case of

screw-spikes not greased, the facility of placing greased screw-spikes

with the number of insertions.

If the first insertion of the stem of a greased screw-spike requires

a moment of 65.1 foot-pounds, a second insertion in the same hole

requires no more than 43.4 foot-pounds ; a third requires 36.2 foot-

pounds, and a fourth is made under the action of a moment of 34.7 foot-

pounds. This decrease in the values of the moments of torsion is rep-

resented in Fig. 4.

We have only given in this note some examples from the indica-

tions
; in practice, in order to obtain acceptable means, it is necessary to

have recourse to a very large number of experiments on account of the

essentially variable conditions of the wood of the ties. It is by basing
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it on the means of very numerous experiments that we can determine

in a definite manner the diameter to be given to the auger which is to

be used for boring the holes in the ties.

Note.—The effects pointed out only concern the insertion of the

screw-spike to the point of contact of the cap with the base of rail.

From that moment, if extra tightening is given to the screw-spike, other

conditions arise for the equilibrium and for the stress of the screw-

spike.

PART II—ALBERT COLLET TORSION METER.

(i) Description of the Apparatus.

The Collet torsion meter is composed of two parts, a lever LL' and

a jaw MM 1

, whose relation can be changed around the vertical axis of

articulation A (Fig. 5).

The jaw MM' carries on the lower part two fixed standards PP'

and a bridle B, which serve to clamp the screw-spike wrench, as is shown

in Figs. 5, 6, 9 and 10, the vertical axis of the wrench being maintained

by the strap B and the horizontal lever of the wrench passing through

the space which separates the two standards P and P'.

The distance between the two standards is 0.100 meter.

On the upper part of the jaw and at an equal distance from the

axis of the wrench are placed a joint axis A, on one side, and on the

other a guiding axis A', which regulates the horizontal movement of

the lever LL'.

On the same axis of the wrench a small horizontal cylinder, C, con-

taining glycerine, and in which a piston D, provided with chased leather,

moves, is placed perpendicular to the direction AA' (Figs. 7 and 8).

The exterior face of this piston has the form of a conical surface,

with its convexity toward the cylinder.

The bottom of the cylinder is pierced by a small circular opening E,

by means of which the pressure exercised on the piston is transmitted

to the pressure gage K (Figs. 7 and 8).

For this purpose the pressure gage is mounted on the block F, which

is strongly fastened to the bottom of the cylinder by means of a pres-

sure screw G, while taking care to make the projecting extremity H of

the block penetrate in the circular orifice E in the bottom of the cylinder.

In order to avoid the escape of glycerine, and consequently the de-

rangement of the apparatus, a small leather washer I is introduced be-

tween the bottom of the cylinder and the block F.

The lever LL' is of circular form in horizontal projection, and

between the joint axes A and Ai, so as to assume the contour of cylinder

C. On each side of these joints, the lever is terminated by two hollow

arms of circular section, which can be taken apart by unscrewing for

facility in transporting the apparatus. Fig. 11 represents the apparatus

in place in its box.

The lever LL' revolves about the joint axis A and its displacement

is limited by means of a circular opening having as a center the joint
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axis A and into which the guiding axis A' penetrates. The displacement

of lever LL' can only take place horizontally, by reason of the presence

of two washers and two nuts on the extremities of the axes A and A'.

In the interior of the lever L and on the prolongation of the axis

of cylinder C is provided the socket N, intended to receive one extremity

of the olive-shaped piece Q, whose other extremity rests in the conical

bottom of piston D. If, therefore, the jaw M, and consequently the

joint axis A, being fixed, forces properly directed are exerted on the

two arms of lever LL', these forces are transmitted from the lever to

the piston through the medium of the olive-shaped piece Q and regis-

tered by the pressure gage.

The arrangement and regulation of the apparatus are such that on
the commencement of the rotation of the lever to exert a pressure on
the piston, the olive-shaped piece Q is normal to the direction AA' and
its spherical extremity in contact with the bottom of the piston is almost

tangent to the line AA'.

The pressure gage is graduated in kilograms, and this graduation

corresponds to the number of kilograms exerted per square centimeter

of the section of the piston.

The needle of the pressure gage pushes a light needle before it, which

serves as a witness as soon as the force exerted on the wrench has

ceased.

II—Indications Given by the Apparatus.

The indications of the pressure gage give the number of kilograms

applied on each arm of the torsion meter, at a distance of about 0.656

ft. from the vertical axis of the screzu-spike wrench.—Let in fact O (Fig.

12) be the horizontal projection of the axis of the screw-pipe wrench,

the cross handle of which is projected on LL'. The projection of the

axis of torsion remains fixed.

The horizontal lever of the torsion meter is supported on the cross

arm of the wrench by two standards, whose axes correspond with the

joint axis A and guiding axis A', placed symmetrically in relation to

the vertical axis O ; let 2c be the distance between the two axes A
and A'.

If we designate by H the horizontal pressure brought on these points

by the lever of the torsion meter under the action of the forces acting

on this lever, the moment of torsion is expressed

:

MT= H X 2C,

2fi being the projection of the distance 2c between the axes of the

standards on the cross arm of the screw-spike wrench.

The axis A' is only fixed when the reaction of the piston is equal

to the force H acting on the joint A'; from this moment, the two mov-
able parts of the torsion meter form a whole which changes about the

axis of torsion projected in O.

The equilibrium being established, we will have, by designating the

teaction of the piston by Q:
Q X c=H X 2CU
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The value of the moment of torsion is therefore:

M T = Q X c.

We have seen that the graduation of the pressure-gage corresponds

with the number of kilograms exerted per sq. centimeter of section of

the piston ; let us designate by K the number of kilograms given by the

reading on the pressure-gage.

The diameter of the piston being 0.03 meter, the value of the sec-

tion is

:

s = o.ooo7<V'N sq. meter.

The value of the pressure Q expressed in kilograms is then

:

Q = s X io
4 K= 7.068 K.

This would be the true value of the pressure Q exerted on the lever

f/<p. 7 T#ANSY£RSF S£CT/OM

of the torsion meter, if there were no friction of the piston lining against

the cylinder walls.

By taking account of this friction, and by designating the efficiency

of the apparatus by r, the value of the pressure Q exerted on the lever

will be represented by:

1

Q=— 7.068 K.

According to the information with which we have been furnished

by M. Collet, experiments made on different apparatus to determine this
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coefficient r have given values comprised between 0.8 and 0.9 ; this effi-

ciency corresponds very closely with the efficiency of hydraulic presses.

Let us take the mean value of r= o.8s.

Then we will have

:

7.068

Q= K= 8.315 K.

0.85

The value of the moment of torsion will then be

:

M r=Qc = 8.315 K. c.

or by replacing c with the value which in the construction of the apparatus

is equal to 0.05 m.

M T =0.41575 K. (1)

Let us designate in a general way by F, and F2 the forces applied

at the lever of the torsion meter in two points C and D, taking ai and

az , respectively, for the distances from the axis of torsion O.

In order that the screw-spike wrench be not inclined during the

F/Q. II /1P/o>ARATUS PLACED /M*TS BOX

movement of rotation which is forced upon it, it is necessary that the

forces be reduced to a couple ; we will then have

:

MT
'= Fi 01 + F2 a2= 2 Fa. (2)

Equating the two equations (1) and (2) gives:

0.41575 K= 2 Fa,

O.207875

whence F= K.

In order that the indication given by the pressure-gage be the true

value of the force exerted on each of the two arms of the torsion meter

(or the screw-spike wrench), it is seen that the condition to be fulfilled:

0=0.207875 metre,

or very closely

a= 0.200 m.

K being expressed in kilograms, the value of the moment of torsion is:

MT =0.4 metre X K Kilogram-metres.

The value of the 0.4 K of the moment of torsion being given, it will
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be easy, if the value of the forces applied at the wrench is known, to

determine the value of the arm of the lever 2a of the couple, or inversely,

by giving the value of the arm of the lever 2a, the value of the forces

F applied at the arm of the lever can be deduced.

Remark.—When the Collet torsion meter is used, it is necessary to

take care to act only on the lever of the torsion meter; the least force

exerted on the screw-spike wrench beyond the supports of the standards

falsifies the results of the experiments.



Appendix F.

ABSTRACT FROM TRANSLATION OF ARTICLE ON FASTEN-
ING OF RAILS TO SOFTWOOD (PINE) TIES.

Organ fiir die Fortschritte des Eisenbahnwesens, May 15, 1908, et seq.

During the last twelve years a satisfactory fastening between rails

and softwood ties has been a subject of continuous experiments on the

Prussian Government railroads. The first investigations followed the

general use of plain bearing plates, 7%x6^4 in. (rolled steel) in size,

shown in Fig. i.

It was soon discovered that on softwood ties, the small adhesion

between the spike and the wood permitted the spikes to pull out to a

more or less extent, and the loose rail, under the sudden applications

of load, would quickly batter down the wood. Besides, the pressure on

the tie not being uniform would produce a kind of convex wear in the

wood, as illustrated in Fig. 2.

Some improvement was obtained by the use of screw-spikes, without,

however, entirely overcoming the abnormal wear, and the consequent

looseness and inefficiency of the structure (Figs. 3 and 4). The hook

plate, shown in Fig. 5, was next tried. The hook, which was made to

hold the outside flange of the rail, necessitated a plate somewhat longer

on the outside than on the gage side, resulting in an uneven distribution

of pressure on the wood and a condition as shown in Fig. 6. The bend-

ing of the screw-spikes observed in this case was at first thought to

be due to the lack of support of the head of the spikes on the far side

from the rail flange, and to remedy this supposed defect, rail clips were

introduced, giving the head of spikes a full support all around, Fig. 7.

This arrangement proved to be much better than any previous one, but

still did not produce a satisfactory fastening. Fig. 8 indicates clearly

the manner of failure of these plates.

It is evident that the plate-hook, being rigid and incapable of produc-

ing any actual pressure against the rail flange, would cause all the

stresses to be carried against the screw fastening, and as soon as this

would wear in any of its parts, the rail would become loose under the

hook, and the shocks would begin their destructive work. Also, the

direct pressure under the head of the spikes would tend to pull these

out of the tie, and constitute another element of weakness to the general

construction.

The impossibility of fastening the rail with the same amount of

holding power on both sides, besides the drawbacks enumerated above,

led to the introduction of an entirely different system of fastening.
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Before proceeding with the description of this, it is pertinent to note

a very important point brought out by the investigation up to this point.

With every one of the devices tested, while the fastening was rigid and

doing all the work it was intended it should do, no great strain was

apparent at the joint ties, where the joint material was fastened to

these, and no tendency was apparent in the track to creep longitudinally,

but as soon as the fastenings became loose, the creeping tendency reap-

peared, and, being resisted only at joint ties, would soon damage the

fastening of these and cause general deterioration at these points. This

fact very properly leads to the conclusion that if every tie is rigidly

fastened to the rail, longitudinal movement of the track is practically

overcome, and the work of doing this, being distributed throughout all

ties, will prevent deterioration of joint fastenings or joint ties.

As a result of the investigation related, the following experiments

vith cast-iron plates were made:

GROUP I.

The first set, or Group I, of plates are shown in Figs. 9, 10 and II.

These plates had a bearing on the ties of 90 sq. in., as against 80 sq. in.

in the largest previous plate, and were fastened to the ties by means

of four screw-spikes absolutely independent of the rail fastening. The

rail was in its turn fastened to the plate by means of two bolts and

clips, these being independent of the tie fastening.

The clips were made so as to be capable of adjusting the gage

of track by being reversible, and also of such a shape as to take up

and transmit horizontal forces at base of rail to the shoulders provided

for in the tie plates. In this manner the upward forces would be re-

sisted by all the screw-spikes, and similarly all horizontal forces would

be taken care of. Spring washers were provided under the head of

screw-spikes and the rail fastening nut.

Eighty-eight of these plates were put in service in 1898 and re-

moved from the tracks, together with the ties, in 1907 for purpose of

examination. The tie wear was found to be very slight and very uniform

under the base of plate, varying from a minimum of 0.14 mm. (1-128 in.)

to a maximum of 0.19 mm. (i-100-in.), except in a few cases where

spikes had become loose and caused an increase as well as an irregular

wear.

Sand, however, was found between the ties and plates, and this might

have caused even this slight wear. The rail seat in tie plate had worn

to about the same extent (maximum i-ioo-in.). No other sign of de-

terioration was observed.

GROUP 11.

This series of tests was carried on under conditions similar to those

for Group I. The main difference between these plates and the plates

of Group I lies in the size of the bearing surface over tie, being about

70 sq. in. for Group II plates as against 90 sq. in. for Group I plates.
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On removal of plates, it was found that the wear of tie developed

i he same uniform wear as in the previous group. The slight wear gave

the impression of being purely compression, there being no indication

whatever of side displacement. As a matter of fact, after the screw-

spikes had been removed the plate had to be knocked off with a ham-
mer. Sand was found under the edge of only a few plates. The screw-

spikes used on these plates were 4^-1'n. x 5^-in. and had a deeper thread

than those of Group I.

In spite of the smaller bearing of this plate, as* compared to Group

I, the amount of tie wear was actually smaller, and the fastening gen-

erally more satisfactory.

GROUP III.

Condition of test similar to the previous tesls in Groups I and II.

The main difference in this case consisted in the sloped top of tie plate,

which gave the rail a desired amount of inclination toward the gage side.

This arrangement brought the center of rail closer to the outer edge of

the tie plate by about 10 mm. (fg-in.). Screw-spikes used were similar

to those in Group II, but with a somewhat better grip, the holes having

been drilled smaller. To increase the rigidity of the fastening, double

spring washers were employed on all the screw-spikes.

The tie wear was smaller than in any previous instance. The gage

of track was measured frequently and found to remain practically un-

changed. The spring washers, which had shown some failures when
used singly, were found in this test to have their original elasticity

unimpaired. This design of tie plate, however, failed in few instances,

as shown at "A", Fig. 14, which would seem to indicate that a greater

stress was carried against this point than in the other arrangements.

Diagram (Fig. 15) attached shows the extent of gage of variations

of different groups. The maximum noted1 was about 2.5 mm. (3-32-in.).

CONCLUSIONS.

It is clearly evident from the behavior of plates of Groups II and

III that the wear of ties is not at all directly proportional to the extent

of the bearing surface of tie plate, but depends more on the rigidity of

the fastening. This rigidity was obtained in Groups II and III by the

use of screw-spikes with deep thread, by drilling the screw holes of

small diameter, and by the use of double spring washers under each

screw, capable of producing a combined pressure of about 300 kl. (140

lbs.). A single spring washer, capable of developing an equal amount

of pressure, would probably answer as well, and it, or its equivalent,

should be used especially at curves.

Another important fact brought out was that to have a successful

fastening, all the component parts of the arrangement should wear

uniform.

The cost of maintenance increases rapidly through the successive

removal of single parts, and, as a general rule, wornout or
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defective component parts of any structure increase the work done by

other parts, and eventually some of these fail in service which would

have been sufficient for doing their normal share of work. Weak or

faulty individual component parts of any construction act to the detri-

ment of the whole structure and reduce its efficiency and life. In the

case under consideration, the most important point developed is the

necessity of rigidly fastening the rail to the ties in order to preserve

the life of these and to obtain a satisfactory track structure. Experiments

are still under way with a view of ascertaining the least size of a satis-

factory plate provided with a firm and rigid fastening. Other special

features are also being investigated, as shown in Figs. 16, 17, 18, 19,

20, and 21.
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Appendix G.

SPECIFICATIONS FOR FURNISHING SMALL TRACK APPLI-

ANCES. EXTRACT RELATIVE TO SCREW-SPIKES.

Chemins de Fer d© Paris a Lyon et a la Mediterran.ee Track Department.

Article I.—The object of these specifications is the supply of small

track appliances: splices, tie plates, bolts and screw-spikes.

Article 2.—The dealer is responsible for his expenses, risks and

dangers:

of the manufacture, packing, forwarding, transportation except when

stipulated to the contrary, and for the delivery of the goods;

of the construction of all the apparatus and patterns necessary for

the reception and tests and for the expenses of every kind relative to

these operations

;

- of everything under the conditions defined by these specifications

and by the order or contract relative to the matter.

Article 3.—The Company commits to the dealer the detailed nomen-

clature and the designs of the pieces to be furnished.

The forms and the dimensions of the goods delivered should con-

form exactly to the indications of the nomenclatures and designs.

Article 4.—The screw-spikes are of two types, No. 6 and No. sVi-

The stem is circular; the lower part is threaded with a pitch of 0.49-in.,

the thread being of unsymmetrical triangular form; the exterior diam-

eter is 0.79-in., with a cylindrical shank 0.55-in. diameter, with a length

of 3.27 to 3.47 in. from the end; this shank towards the head has a

conical part beginning with 0.55 in. and enlarging to 0.75 in. diameter

for a length of 1.18 to 1.38 in., then an unthreaded part 0.98 to 1.18 in.

long for the No. 6, and 1.38 to 1.57 for the No. 5^4. The diameter of

this cylindrical part is 0.79 in. ; however, an enlargement to 0.83-in. is

allowed under the head, and the junction is made in a length of 0.47-in.

The head has the form of a spherical cap of 1.97 in. diameter for

the No. 6, and 1.65 in. diameter for the No. 5^2.

The trunk of the quadrangular pyramid which surmounts the head

is terminated by a square of 0.69-in. on each side.

Article 5.—No. 6: 16.22 ounces.

No. 5'/4: 1552 ounces.

Article 6.—The following variations from the dimensions of the

pieces are allowed. These variations are more or less, except as indi-

cated :

transverse diameter of the stem and hea:!: 0.02-in. less, none in excess.

A variation of 3 per cent, less1 is allowed in the weight above indi-

cated.
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If the maximum weight is exceeded, the pieces may be accepted if

nothing prevents their use, but the increase in weight will not be paid

for to the dealer.

Article 7.—The Company reserves the right to modify the types at Modifica-

any time without the dealer being able to claim any indemnity or sup- Manufac-
plementary expenses. But the Company will accept delivery of the pieces ture -

manufactured or in course of manufacture at the time of modification.

Article 8.—All the materials employed shall be of the best mer- Quantvand
chantable quality and of first choice ; they shall pass the tests defined Origin of

further along and those which the agents of the Company shall judge

necessary to be made to insure that the materials employed are of tke

best quality and that that quality has not been changed during manu-

facture.

They shall come from works agreed upon by the Company.

The splices, tie plates, bolts and screw-spikes' are of steel ; the nuts

shall be of iron.

Article 9.—All the pieces except the nuts shall have a well defined Marks of
v v Manufac-

mark indicating the kind of metal (A steel), the name of the dealer ture.

and the year manufactured; in the case of the bolts and screw-spikes

the designation of the type shall be added ; the mark shall be made with-

out leaving the piece deformed in any way.

Article 10.—Before commencing the manufacture in hand, the dealer o^M^n'ufac-
shall submit a sample for the acceptance of the Company. The supply ture.

must conform in all points with the accepted sample.

The head shall be upset in mass with sharp edges and angles ; the

surfaces shall be clean and even, and the seams shall be completely re-

moved without tearing. The head shall be perfectly centered, regularly

cut on its entire circumference, perpendicular to the stem, without tears

or folds, and without roughness on the engaging face.

The thread shall be formed hot ; the threads shall be clean, well

formed and with the specified pitch ; the screw-spikes shall be dipped in

coal tar when hot.

Article 11.—The tensile tests shall be made on bars turned or cut Test qf

when cold. The test pieces shall be uniformly made of 7.87 in., useful

length, and 0.63 in. diameter.

The following table gives the conditions of resistance and minimum
elongation which all the bars submitted to tensile tests shall satisfy.

Name of Piece.
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Tests of
Pieces.

Rejected
Pieces.

Article 12.—The pieces shall be classed in lots coming from the

manufacture of one or several days ; the inspectors shall choose a cer-

tain number of pieces (at most 1 per cent, of the total number) in each

lot, and these pieces shall undergo the tests hereafter defined.

If of 100 tests there are not at least 90 satisfactory tests, the entire

lot will be rejected.

The tested pieces shall not form a part of the supply.

Test of the stem:

A screw-spike shall be placed vertically without play for one-half

of its length in a hole of 0.87 in. diameter, with rounded edges bored

in a block of iron ; it shall be bent to a minimum angle of 45 degrees,

then straightened.

Test of the head

:

A screw-spike shall be placed vertically in the hole of an anvil, the

head resting on one side on an iron wedge of about 0.47 in. thickness;

the head shall endure the blows of a hammer with a front of 11 lbs.

weight striking vertically on the side opposite to the wedge till the head

is bent to 45 degrees with reference to the stem.

Article 13.—The rejected pieces shall be immediately disfigured or

marked with an indelible sign or put in sealed casks marked with an

ineffaceable sign of rejection.

As soon as the contract shall have been finished, the dealer can

only work under it with the authorization and in the presence of the

inspector.

Article 14.—The Company reserves the right of supervising the

manufacture by one or several inspectors of its selection; the dealer is

required to advise the inspector of the day when the preparation of the

materials or else the manufacture of the pieces commences in order that

he can follow the work. The agents of the Company have free entry

into the factories of the dealer and into other factories in which the

work of detail or of the whole is executed; all the designs given to the

dealer by the Company are held by the latter at its disposition. These
agents supervise the manufacture, but the exercise of this right cannot

in any way exempt the dealer by provisional and final receptions.

The agents should direct their observations to the director of the

works or to his representative and not to the workmen.
The inspector at the shop, the tests and other precaution prescribed

or to be prescribed do not in any degree diminish the responsibility of

the dealer.

Article 15.—The screw-spikes are delivered in hampers, boxes or

casks in good condition, bearing in paint the number of the order, the

gross weight, the number and the weight of the pieces.

Article, 16.—The time of guaranty is fixed at two years from the

provisional reception at the manufactory. Every piece which during this

time should happen to break or be damaged by the sole fact of the wear

to which it has been subjected, or which should disclose grave defects
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Final Re-
ception.

Period of
Delivery
and In-
demnity
for Delay.

having manifestly escaped the attention of the inspector shall be re-

jected and returned to the dealer, who shall replace it without payment.

Article 17.—The final reception shall be pronounced after the ex-

piration of the time of guaranty.

Article 18.—The periods of delivery are fixed for each dealer by the

order or contract relative to this supply.

In case of delay in the periods thus fixed for delivery, there will

be held back from the dealer, for indemnity and without prejudice for

all damages, per month of delay, 5 per cent, of the value of the supply

delayed.

This indemnity is due the Company from the sole fact of the delay

without it being necessary for it to notify the dealer of any demand

in due form of law or extra judicial act, and it will be retained from

the vouchers.

If for any cause whatever, the cases of main force excepted, the

dealer does not perform the deliveries regularly or only offers pieces

which do not comply with the conditions of these specifications for recep-

tion, the Company has the right, without being held to any formality

extra judicial or otherwise, but indeed by the sole fact of the non-

delivery, to withdraw all or part of the supply of the pieces which

have not been delivered and to provide at the expense, risk and danger

of the dealer the quantity of pieces withdrawn ; all the expenses and

excess price which may result from it are at the cost of the dealer.

Article 19.—The dealer is forbidden to give to another or to have

made in any other factory than his own any part whatever of the

supply.

Article 20.—The payments will be made by the Company within Fayments

two months of the reception at the place of destination, by vouchers

regularly ordered and after the dealer shall have received notice of

their settlement.

Article 21.—In case either of judicial liquidation, or of default, or

of dissolution of partnership, or of death of the dealer or of one of

them, the contract or the order is cancelled of right.

In the first three cases the Company has the right to procure at

the risk and danger of the dealers, or of their successors, the quantity

of pieces not yet delivered, all the expenses and excess of price which

may result being at the cost of the latter.

Article 22.—The Company will have the contract stamped and regis-

tered ; the expenses of stamping and registering will be borne by the

dealer.

Article 23.—Disputes of whatever kind which might arise by reason

of the contract or order shall be taken before the courts of the depart-

ment of the Seine.

July 21, 1907.



Appendix H.

SPECIFICATIONS FOR SUPPLYING STANDARD TRACK
APPLIANCES.

CHEMINS DE FER DE L'fiST.

EXTRACT RELATIVE TO SCREW-SPIKES.

The dealers arc requested to forward their bids in accordance with

the form of the Company attached to the invitation for quotations and

to direct them in the envelope accompanying each invitation.

This recommendation is essential, in order that the replies be not

opened through error before the day fixed upon.

The limit of time indicated for sending the bids should always be

strictly observed.

All proposals received late will not be considered but will be re-

turned unopened to the dealer, whatever may be the cause of delay.

The apparatus, pieces or objects required shall satisfy the conditions

contained in the present specifications, all those on the designs and

detail plans of pieces to be furnished, as well as the special conditions

indicated in the agreement, when it shall have been made.

The weights given in the plans are only approximate and are sim-

ply stated for information.

When the Company requests bids for several kinds of pieces, or by

lots, it always reserves the right to accept the most advantageous offer

for each type of piece or for each lot. The average prices are not

accepted in this case.

The Company also reserves the right not to consider all or any

part of the requests made, and that without anyone being able to

claim any indemnity.

Unless contrary instructions are given in writing, the supplies of

standard appliances are always to be delivered free on wagons, in the

operating station of the Eastern system which is nearest to the fac-

tories (this station is Pantin for the Paris district).

(The dealers are requested to return the designs, which are sent

them to work out their proposals, to the Department of Standard Ap-

pliances, 144 Faubourg Saint-Denis).

I.—CONDITIONS, CLAUSES AND GENERAL INFORMATION.

All the pieces and apparatus shall be made in conformity with the

designs, detail plans of pieces to be furnished, or other papers sent to

the manufacturer by the Company or approved by it.

In case the designs should not be sent with the invitation for bids,
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before submitting them, they can always be consulted in the Office of

Standard Appliances, 144 Faubourg Saint-Denis, at Paris).

The manufacture in hand shall only be undertaken when the manu-
facturer shall have presented for verification pieces of exactly the de-

sired dimensions. He will be besides responsible for all delays arising

from the fact" that the first pieces may not be acceptable.

The Company shall have power, in the course of manufacture, to

make such modification of detail as it shall deem proper, without it

giving occasion for any indemnity ; only, it will be held to accept all

the pieces or apparatus already made in accordance with the first

conditions imposed.

In the case, however, where these modifications appreciably alter the

conditions of manufacture, it may be held to the account of the manu-
facturer, but on the express condition that his claim shall have been

immediately made, and that the amount of the indemnity to which he

will have right shall have been fixed before the manufacture after a

hearing of both parties.

The gages, guides for boring and templets, recognized by the p
Company as necessary for the good manufacture of the appliances Templets

in order to obtain interchangeable pieces, shall be established by the

manufacturer and at his own cost. They shall be stamped by the

inspector of the Company.

This obligation applies even to pieces for which the Company pos-

sesses templets of precision ; the latter should not, however, in any

case serve for the verification of the pieces, but only for that of the

templets established by the dealers. ,

Unless according to contrary instructions, the prices submitted for Moulds,

cast pieces shall include the cost of moulds, which shall remain the

property of the dealer.

The weights shall result from designs sent to the manufacturer ; Weights 1

they shall be stated on the pieces of the first fabrication of strictly Ararat"
exact dimensions. In the partial acceptance, a variation of 2 per cent.,

more or less, will be allowed in these weights, provided that the whole

of the supply shall not vary from the normal weights by more than I

per cent.

Within this limit of variation and below, the appliances shall be

paid for according to 'the real weight ; above, the excess weight shall

not be counted.

Beyond these limits, the supplies may be rejected.

The manufacturer should allow free entrance to his factorie's by supervlsi
the Engineer of the Company and his inspectors, who shall be able to at the

remain there during all the time of manufacture. the Manu
He shall be allowed to exercise supervision by day and night, and

to make the necessary verifications in order to know if all the con-

ditions imposed are exactly fulfilled, as well with respect to the good

quality and resistance of the materials as to their good fabrication.

facturer.
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It is understood that if the inspectors of the Company have any

observations to make, they shall be addressed to the manager of the

factory and not to the workmen.

The object of the provisional acceptance made at the factory of the

manufacturer by the inspector of the Company in proportion to the

fabrication is the examination of all the pieces, with respect to their

quality and good execution.

Every piece showing defects of material or execution shall be re-

jected. Repairs by means of mastic, or of pieces joined on, are ex-

pressly forbidden.

Every rejected piece shall be marked with an indelible sign and

laid aside, to be presented to the inspector of the Company at the

first request, unless the manufacturer prefers to have it immediately

broken in the presence of the inspector.

The accepted pieces shall be struck with a stamp of the Eastern

Company.

The manufacturer should have established at his cost, on the

instructions which will be given him by the Engineer of the Company,

if there is occasion for them, the necessary apparatus for acceptance

and tests.

The labor relative to acceptance, to tests and to weight of pieces

shall be charged to the manufacturer, as well as the replacement of

pieces which shall have served for tests.

The apparatus or machines of all kinds shall only be taken from

the factory of the manufacturer after having been completely erected

there and worked in the presence of the inspector of the Company.
The details of tests or verifications to be made on the apparatus

erected are indicated on the designs, detail plans and other papers.

The supervision exercised by the Engineer of the Company or by

his inspectors at the factory, the verifications and different tests, the

partial acceptance of pieces finished and assembled, shall not have in any

case the effect of diminishing the responsibility of the manufacturer,

•which will remain fully and completely in him up to the expiration of

the limit of guaranty.

When a limit of guaranty shall have been stipulated in the con-

tract, notwithstanding the provisional acceptance at the factory, the

manufacturer shall be responsible for all damages which the apparatus

might experience during the time limit of the guaranty, and should

repair or replace immediately, at his own expense, every piece or part

which should not resist in consequence of faulty construction or bad

quality of materials employed.

The responsibility of the manufacturer will only cease by the final

acceptance which shall be stated during the month following his re-

quest, after the expiration of the limit of guaranty and when all the

rejected pieces shall have been replaced.

The manufacturer is forbidden to have any of the pieces whatso-

ever which are ordered from him made in any other factory than his
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own, without the express consent, formal and in writing, of the Com-

pany.

In this case, the Company reserves the right to modify, at his

pleasure, the clauses relative to manufacture, tests, or acceptance and

guaranty.

The manufacturer or dealer shall have sent to the Eastern Com- sub-

pany as soon as possible a copy in duplicate of its orders for raw ma- on rac s "

terial, rough or worked pieces which it will not itself make, in order

that, if the Company considers it advisable, their fabrication can be

followed by its inspectors in the forges, foundries or steel works, etc.

These orders shall indicate the conditions of quality and tests

required by the Company.

The rods for chains, screw-spikes, bolts and rivets shall not be

tested at the forge, but at the place of the dealer in these pieces, unless

the tests be made on the pieces themselves.

If the inspector charged with the duty of following the manu-
facture of materials or pieces considers that the latter may be sent

to the manufacturer or dealer, he shall mark them with a special

stamp.

In spite of the affixing of this stamp, the materials or pieces can

be rejected for any cause whatever (bad quality, defects, bad work,

etc. . . .) at the place of the manufacturer or dealer.

This affixing of the stamp shall not thus be invoked against the

Company in any case, either by the manufacturer or the dealer, or the

sub-contractor.

If the deliveries are not performed within the time limit and at Delay in

the places designated in the contracts, there will be retained from the Deliveries,

dealer at the time the first payments are to be made, a sum whose
amount shall be designated in the contract, in virtue of indemnity, and

for damages in compensation for injury which any delay might cause

the Eastern Company to experience.

The Company would also have, in the case of delay, the right of

ordering from such works of its own choice, and that at the cost,

risk and danger of the manufacturer, all or part of the supplies whose

delivery might be late. In this case, the difference resulting either

from purchase price, or cost of transportation, or any other cause, shall

be the personal and exclusive burden of the manufacturer.

All disputes between the parties over the execution of the provisions Jur j S<jjC _

of a contract shall be adjudicated bv the Court of Commerce of the tion, Resi
* dcncG

Department of the Seine. Registra-

For this purpose the parties shall choose their place of residence tlon -

at Paris.

This choice of residence, which shall be designated in the contract,

will relate to department, and will dispense with the observance of

delays, by reason of distances.

Up to the complete and perfect execution of the provisions of the
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contract, all judicial or extra-judicial notices shall be validly given to

the parties at the residence selected by each of them as above cited.

The registration of contracts shall be charged to that one of the

parties who shall have originated it.

Every delivery of appliances should be followed by the bill, neither

certified nor signed. This bill should strictly repeat the designation

borne in the contracts or in the order letters. It should always refer

either to the date of the contract, or the number of the letter.

Pieces or apparatus of several contracts or letters should never be

mentioned in the same bill.

For the settlement of values on the bill, when the number of

thousandths of a product is greater than 5, the number of hundredths

should be increased by unity; if not. leave the number of hundredths

intact. Example

:

7.525 kilog. X 2.55 francs = 19.18875 francs,

it should be stated = 19.19 francs

7.515 kilog. X 2.55 francs = 19.16325 francs

it should be stated = 19.16 francs,

and not spontaneously raise or amend the number of hundredths to

o or to 5.

Unless stated to the contrary in the contract, the payment is made
in the time limit of 30 days after the final delivery.

After the order of payment of bills by the Department of Standard

Appliances, the General Accountant will direct a "voucher" to the

dealer payable on presentation at the Central Treasury of the Com-
pany, 146 rue du Faubourg-Saint-Denis, at Paris, after having been

duly receipted.

It is also lawful for the dealers to draw on the Company ; in this

case, the "voucher" should be previously returned to the Department
of General Accountant, endorsed

:

"Payable on my check at sight."

or else

:

"Payable on my contract at maturity on. . .
."

These notes should be followed by the date and signature.

In the case of supplies of little importance, the bill is often settled

directly by the local Department which has used the appliances, but

also within the time limit of 30 days.

In order to receive the sums due, it is necessary that a specimen

of the signature of the dealer be left at the Central Treasury of the

Company. •

For this purpose, a card is directed to the dealer, which he should

return, after having signed it in the place marked with a pencil cross.

The companies, whatever their nature, should transmit to the Com-
pany, in case they have not yet done so, the proofs of the reliability

of their members or agents before signing the contracts, etc. . . . and
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give bond for the sums which will be due by the Company, in exe-

cution of the latter.

These proofs are, principally, the following:

In the case of joint-stock companies or joint-stock partnership:

Copy of their constitution, stamped certificates of the deliberations

of the General Assemblies or of Councils of Administration fixing the

functions and powers of the Administrators, Managers or Agents having

power to sign for the Company.

In the case of companies under a collective name or in simple

partnership:

Abstract of the Acts of the Company delivered, when they are

authentic, by the notaries, or, in the contrary case, by the clerks of

the Courts of Commerce or of Justices of the Peace, or even legalized

copies of the journals which have published the said acts.

Finally, in the case of partnerships in fact, that is, which are not

established by any act:

Notarial powers either mutual or to one of the partners, if it is

not desired to give the personal signature of the members, whether it

acts or not as a company, if the statements are made by an attorney;

the production of an abstract of the proxy if it is notarial, or of the

original if it is by private deed, is besides necessary.

II.—QUALITY AND RESISTANCE OF APPLIANCES.—TESTS.

The steel shall be homogenous and capable of being forged. The Rolled o:

employment of brittle steel will not be tolerated in any case. The steel steel,

for screw-spikes shall be of fine grain and not taking temper to any
f^gg/"

extent.

Tensile tests.—The results of tests which can be made on test

pieces, 7.87-in. long, between punch marks, shall not be below the fol-

lowing figures

:

Minimum tensile strength per sq. in., 68271 to 76805.

Minimum elongation, 18 to 24 per cent.

Special test of screw-spikes and rods below 0.98-m. Diameter: Bending

The steel for screw-spikes and rods below 0.98-in. diameter, bent

to 90 by means of a lever in a hole with rounded edge of a quarter

of a circle with radius equal to twice the diameter of the piece to be

tested, should be able to be restraightened cold with a lever without

experiencing the least alteration.

III.—MANNER OF EXECUTION.

The pieces shall be fitted, turned, and straightened by templets Fitting,

of the exact dimensions, so as to be interchangeable. Assemblage shall

be executed with the greatest care.

The heads shall be upset in a mass and well centered in relation |™|L_
to the stem. They shall bear the marks of manufacture, year, and the Spikes,

letter E.



1548 THE USE OF SCREW FASTENINGS.

The threading hot shall be done with care and be uniform. The

threads and the shank shall be perfectly smooth.

The flow of metal shall be regulated so as to avoid folds.

Oval or bent screw-spikes will be rejected, as well as those which

may be conical, split or which show a central cavity.

No test of bars intended for the -fabrication of screw-spikes will

be made.

Fabricated screw-spikes, bent cold to 45 under the conditions

defined for bending tests of the metal, shall be able to be restraight-

ened cold without breaking, or showing any crack.

Screw-spikes 0.91 in. diameter shall be able to resist without

breaking a tensile force between 23,589 and 28,220 lbs., with an elonga-

tion of at least 0.20-in. in 0.98-in.

In order to verify the diameter of screw-spikes, a templet shall be

provided with two holes whose transverse dimensions will have be-

tween them a difference of 0.02-in. Every screw-spike which will not

enter up to the head in the larger and which will enter, even partially,

in the smaller shall be rejected. A variation of 0.08-in. less and 0.20-ir..

more in the normal length of screw-spikes will be allowed.

The screw-spikes shall be tarred and barreled as in Article IV.

IV.—ACCESSORY AND VARIOUS WUKK.

Separate pieces or those ordered in large quantities, such as bolts,

screw-spikes, nut locks, etc., . . . shall be, after acceptance, weighed

and packed in kegs of poplar, strongly hooped. On each keg, which

should not weigh more than 441 lbs., the number of the order, name

of the dealer, as well as the number and weights of the contained

pieces, shall be painted with oil. Each keg shall be girdled with wire

and sealed on each head with the mark of the Eastern Company.

The large pieces shall be tarred cold.

The small pieces (with the exception of bolts which shall be well

oiled), except as indicated to the contrary, shall be tarred hot at a tem-

perature of about 80° C. in a mixture of % in volume of gas tar and %
essence of turpentine; they shall afterward be carefully drained.

When pieces shall be furnished by the Company to be put into

work, the double transportation of these pieces between the station of

delivery and the factory shall be at the cost of the manufacturer. These

pieces shall be check weighed by an inspector of the Company when

they shall be received at the factory and their weight will not be

counted for the application for price.

The manufacturer will also be charged with the double transporta-

tion of pieces and templets for verification when the Company lends

them.

CHIEF ENGINEER OF TRACK.
Paris, November 21, 1907.
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By J. M". Meade, Engineer, Eastern Grand Division, Atchison, Topeka

& Santa Fe Railway.

The illustration below shows a piece of track near Topeka, where

we have recently applied tie plates and screw-spikes. We are making a

good many experiments of this sort, and the writer thought it might

be a matter of interest to the members of the Association. The writer

believes this to be the proper kind of construction, and to be the most

secure way of holding the track in line and gage. The screw-spikes

are put in by means of a machine attached to an autocar, similar to

the one on exhibition at the railway appliance exhibition a year ago.
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PAST AND PRESENT OFFICERS.

PRELIMINARY ORGANIZATION.

1898-1899.

Chairman \ugustus Torrey Detroit, Mich.

Secretary L. C. Fritch Washington, Ind.

COMMITTEE ON CONSTITUTION AND BY-LAWS.

John F. Wallace, Illinois Central Railroad, Chicago, 111., Chairman.

Thomas Rodd. Pennsylvania Lines, Pittsburg. Pa.

W. G. Curtis, Southern Pacific Company, San Francisco, Cal.

C. H. Hudson, Southern Railway, Washington, D. C.

P. Alex. Peterson, Canadian Pacific Railway. Montreal, Canada.

PERMANENT ORGANIZATION.

1899-1900.

President John F. Wallace Chicago, 111.

First Vice-President P. Alex. Peterson Montreal, Can.

Second J'icc-President *W. G. Curtis San Francisco, Cal.

Secretary L. C. Fritch Washington, Ind.

Assistant Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley Chicago, 111.

DIRECTORS.

Augustus Torrey, Thos. Rodd, F. H. McGuigan, W. K. McFarlin,
Hunter McDonald, D. J. Whittemore.

1900-1901.

President John F. Wallace Chicago, Hi.

First Vice-President P. Alex. Peterson Montreal, Can.

Second Vice-President Hunter McDonald Nashville, Tenn.

Secretary L. C. Fritch Washington, Ind.

Assistant Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley Chicago, 111.

directors.

Augustus Torrey, Thos. Rodd, F. H. McGuigan, W. K. McFarlin,
Julius Kruttschnitt, D. J. Whittemore.

Died, June 15, 1C-00.
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1901-1902.

President George W. Kittredge Cincinnati, Oliio

First Vice-President Hunter McDonald Nashville, Teim.

Second Vice-President V W. Sullivan Chicago, 111.

Secretary L. C. Fritch Washington, Tml

Assistant Secretary E. H. Fritch Chicago, 111

Treasurer W. S. Dawley Chicago, 111

DIRECTORS.

Augustus Torrey, Thos. Rodd, F. If. McGuigan, *H. F. Baldwin,

T. F. Whittelsey, Julius Kruttschnitt.

1902-1903.

President GEORGE W. Kittredge Cincinnati. Ohio

First Vice-President A. W. Sullivan Chicago, 111

Second Vice-President Hunter McDonald Nashville, 'I run.

Secretary L. C. Fritch Cincinnati, Ohio

Assistant Secretary E. H. Fritch Chicago, 111

Treasurer W. S. Dawley Chicago, 111.

directors.

tAucusTUs Torrey, Thos. Rodd, Julius Kruttschnitt, T. F. Wiiii

telsey, F. H. McGuigan, A. W. Johnston.

1903-1904.

President Hunter McDonald Nashville, Tenn.

First Vice-President Howard G. Kelley Minneapolis, Minn.

Second Vice-President James Dun Chicago, IV.

Secretary L. C. Fritch Chicago, 111.

Secretary pro tern E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley Chicago, 111.

directors.

Julius Kruttschnitt, T. F. Whittelsey, F. H. McGuigan, A. W
Johnston, George W. Kittredge, A. W. Sullivan.

Editor W. D. Pence Lafayette, Ind.

1904-1905.

President Hunter McDonald Nashville, Tenn.
First Vice-President Howard G. Kelley Minneapolis, Minn.
Second Vice-President James Dun Chicago, 111.

Past-President John F. Wallace Panama Canal Zone
Secretary L. C. Fritch Chicago, 111.

Assistant Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley Chicago, 111.

directors.

F. H. McGuigan, A. W. Johnston, George W. Kittredge, A. W. Sul-
livan, Walter G. Berg, W. L. Breckinridge.

Editor W. D. Pence Lafayette, lnd.

Died, June 17, 1909.
tDied, August 20, 1902.
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1905-1906.

President Howard G. Kelley Minneapolis, Minn
First I 'ice-President *James Dun Chicago, 111.

Second Vice-President A. W. Johnston Cleveland, Ohio
Past-Presidents John F. Wallace Chicago, 111.

George W. Kittredge Cincinnati, Ohio
Hunter McDonald Nashville, Tenn.

Secretary L. C. Fritch Chicago, 111.

Assistant Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley Chicago, 111.

directors.

W. C. Cushing, J. P. Snow, Walter G. Berg, W. L. Breckinridge,

J. B. Berry, William McNab.

Editor W. D. Pence Lafayette, Ind.

1906-1907.

President Howard G Kelley Minneapolis, Minn.
First Vice-President A. W. Johnston Cleveland, Ohio
Second Vice-President Walter G Berg New York, N. Y.

Past-Presiden's John F. Wallace New York, N. Y.

George W. Kittredge New York, N. Y.

Hunter McDonald Nashville, Tenn.

Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley St. Louis, Mo.

directors.

W. L. Breckinridge, J. B. Berry, William McNab, W. C. Cushing,

J. P. Snow.

Editor W. D. Pence Madison, Wis.

1907-1908.

President A. W. Johnston Cleveland, Ohio
First Vice-President Walter G. Berg New York, N. Y.

Second Vice-President William McNab Montreal, Can.

Past-Presidents John F. Wallace New York, N. Y.

George W. Kittredge New York, N. Y.

Hunter McDonald Nashville, Tenn.

Howard G. Kelley Montreal, Can.

Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley St. Louis, Mo.

DIRECTORS.

J. B. Berry, Chas. S. Churchill, W. C. Cushing, J. P. Snow,

W. G Besler, L. C. Fritch.

Editor W. D. Pence Madison, Wis.

•Died, February 23, 1908.
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1908-1909.

President *Walter G. Berg New York, N. V.

First Vice-President William McNah Montreal, Can.

Second Vice-President L. C. Fritch Chicago, 111.

Past-Presidents George W. Kittrkdge New York, N. Y.

Hunter McDonald Nashville, Tenn.

Howard G. Kelley Montreal, Can.

A. W. Johnston Cleveland, Ohio

Secretary E. H. Frit< h Chicago, 111.

Treasurer W. S. Dawi.ev St. Louis, Mo.

Editor W. D. Pence Madison, Wis.

1908-1909.

President William McNab Montreal, Canada

First Vice-President J. P. Snow Boston, Mass.

Second Vice-President L. C. Fritch Chicago, 111.

Past-Presidents George W. Kittredge New York, N. Y.

Hunter McDonald Nashville, Tenn.

; Howard G. Kellkv Montreal, Canada

A. W. JOHNSTON Cleveland, Ohio

Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawlev St. Louis, .\i.

directors.

W. C. Cushing, W. G. Besler, |D. D. Carothers, Chas. S.

Churchill, Edwin F. Wendt, A. H. Rudd.

Editor W. D. Pence Madison, Wis.

1909-1910.

President William McNab Montreal, Canada

First Vice-President L. C. Fritch Chicago, 111.

Second Vice-President W. C. Cushing Pittshurg, Pa.

Past-Presidents George W. Kittredge New York, N. Y.

Hunter McDonald Nashville, Tenn.

Howard G. Kelley Montreal, Canada

A. W. Johnston Cleveland, Ohio

Secretary E. H. Fritch Chicago, 111.

Treasurer W. S. Dawley St. Louis, Mo.

directors.

J. P. Snow, W. G. Besler, Chas. S. Churchill, Edwin F. Wendt,

A. H. Rudd, A. W. Thompson.

Editor W. D. Pence Madison, Wis.

Died, May 12, 1908.
tDied, January 2, 1909.



CONSTITUTION.

REVISED AT THE FIFTH AND EIGHTH ANNUAL CONVENTIONS.

ARTICLE I.

Section i. Name: The name of this Association shall be "The
American Railway Engineering and Maintenance of Way Associa-

tion."

Section 2. Location : The offices of the Association shall be

located in Chicago, 111.

Section 3. Object: The object of this Association shall be the

advancement of knowledge pertaining to the scientific and economical

location, construction, operation and maintenance of railroads.

Section 4. Means : The means to be employed for this purpose

shall be as follows

:

(a) Meetings for the reading and discussion of papers and for

social intercourse.

(b) The investigation of matters pertaining to the objects of this

Association through Standing and Special Committees.

(c) The publication of papers, reports and discussions.

(d) The maintenance of a library.

ARTICLE II.

MEMBERSHIP.

Section i. The membership of this Association shall be divided

into three classes, viz. : Active Members, Honorary Members and

Associates. All persons who are members of this Association at the

time of the adoption of this Section shall retain their membership as

Active Members.
Section 2. An Active Member shall be a Civil Engineer, Mechanical

Engineer, Electrical Engineer or Architect, who has had not less than

five (5) years' actual experience in the location, construction or main-

tenance of railroads, and who at the time of application for membership
is actively engaged in railroad service, in a responsible position, in charge

of work connected with Construction or Maintenance of Way and Struc-

tures ; or a Professor of Engineering in a College of recognized stand-

ing; or any Railroad Official who is responsible for or has supervision

of Railroad Construction or Maintenance of Way and Structures.

Section 3. An Honorary Member shall be a person of acknowl-
edged eminence in railway engineering or management. The number
of Honorary Members shall be limited to ten. Honorary Members shall

have all the rights of Active Members, except those of voting in con-

vention and holding office.

Section 4. An Associate shall be one who is not in the actual

service of a Railroad Company, but whose pursuits, scientific acquire-

ments or practical experience qualify him to co-operate with railroad
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engineers in the advancement of professional knowledge. Associates

shall have all the rights of Active Members, except those of voting in

convention and holding office.

Section 5. Any Active Member who shall leave the railroad service

shall retain his membership in the Association as an Associate with all

the privileges for Associates, specified in Section 4, Article II, subject

to the provisions of Section 6, Article II.

Section 6. Persons who are exclusively engaged in the sale or

promotion of railroad patents, appliances or supplies shall not be eligible

for nor retain membership in any grade in this Association.

Section 7. An applicant to be eligible for membership in any grade

shall not be less than twenty-five (25) years of age.

Section 8. The Board of Direction shall have authority at any time,

as the conditions, in its judgment, may warrant, to transfer members

from one grade to another, or to drop a member from the membership

list, under the provisions of Section 6, Article II.

ARTICLE III.

ADMISSIONS AND EXPULSIONS.

Section i. The Charter membership shall consist of all persons

who are eligible for membership under the provisions of Article II, and

who may make application to the Secretary of the Preliminary Or-

ganization and receive a majority of the votes of the Organization

Committee (composed of the Chairman and Secretary of the Preliminary

Organization and the five persons constituting the Committee to pre-

pare a Constitution and By-laws), and pay the entrance fee, herein-

after provided for, within thirty days from the date of the adoption of

this Constitution.

Section 2. After the expiration of said thirty days any person

desirous of becoming a member shall make application upon the form

prescribed by the Board of Direction, setting forth in a concise state-

ment the candidate's name, age, residence and technical and practical

experience. He shall refer to at least three members to whom he is

personally known, each of whom shall be requested by the Secretary

to certify to a personal knowledge of the candidate and his fitness for

membership in the Association. An application shall not be considered

by the Board which has not been formally endorsed by three members

of the Association.

Upon receipt of an application, properly endorsed, the Board of

Direction, through its Secretary, or a Committee on Applications to be

appointed by the Board of Direction from among its own members,

shall make such investigation of the candidate's fitness as may be

deemed necessary. The Secretary of the Association will furnish copies

of the information obtained, together with a copy of the application, to

each member of the Board of Direction. At any time, not less than

thirty days after the filing of the application, the admission of the ap-

plicant shall be voted on by letter-ballot by each member of the Board

of Direction. Affirmative votes by two-thirds of the Board of Direc-

tion shall elect the candidate
;
provided, however, that should an appli-
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cant for membership be personally unknown to three members of the

Association, due to residence in a foreign country, or in such a portion

of the territory of the United States as precludes him from a suffi-

cient acquaintance with members of the Association, he may refer to

well-known men engaged in railroad or allied professional work, upon

the form above described, ami such application shall be considered by

the Board of Direction in the manner above set forth, and the applicant

may be elected to membership by a unanimous vote of the Board of

Direction.

Section 3. All candidates, after due notice from the Secretary of

their election, shall subscribe to the Constitution and By-laws on forms

prescribed by the Board of Direction. If this provision be not complied

with within six months of said notice, the election shall be considered

null and void.

Section 4. Any person, having once been a member of the Associa-

tion, and having, while in good standing, resigned from such membership,

may, at a subsequent date, be restored to membership, without the

payment of a second entrance fee
;

provided his application for rein-

statement is signed by five members, certifying to his fitness for re-

election, and such application is favorably passed upon by the Board of

Direction by a two-thirds majority vote of the entire Board.

Section 5. Honorary members shall be proposed by at least ten

Active members to the Secretary. Each member of the Board of

Direction shall be furnished with a copy of the proposal, and after thirty

days votes by ballot shall be taken by the Board of Direction thereon.

If a candidate shall receive the unanimous vote of said Board, he shall

be declared an Honorary member.
Section 6. Expulsions : On written charges preferred by ten or

more members, addressed to the Secretary of the Association, the mem-
ber complained of shall be served with a copy of said charges, and

shall be called upon to show cause to the Board of Direction why he

should not be expelled from the Association. Thirty days after said

member has been properly notified of the charge preferred against him,

a vote shall be taken on his expulsion, and he may be expelled upon
a two-thirds vote of the Board of Direction.

Section 7. Resignations : It shall be the duty of the Board of

Direction to accept the resignation, tendered in writing, of any member
whose dues are fully paid up.

ARTICLE IV.

DUES.

Section i. An initiation fee of $10.00 shall be payable to the Sec-

retary with each application for membership ; this sum is to be re-

turned to the applicant, however, who is not elected.

Section 2. The annual dues of this Association shall be $10.00,

payable annually, during the first three months of each calendar year

for the current year.

Section 3. Any person whose dues remain three months in arrears

shall be notified of same by the Secretary. Should the dues in arrears
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not be paid prior to July ist of each year, the delinquent member shall

lose his right to vote, but shall continue to receive the publications of

the Association. Should his dues become nine months in arrears he

shall be notified on the form prescribed by the Board of Direction, and

he shall no longer receive the publications of the Association. If the

delinquent dues are not paid by the first of the following year, he shall

forfeit his membership with the Association without further action or

notice.

Section 4. The Board of Direction may, however, extend the time

of payment of dues and for the application of these penalties. The
Board of Direction may also, for sufficient cause, excuse from payment
the annual clues of any member who, from ill-health, advanced age or

other good reason, is unable to pay his dues.

ARTICLE V.

OFFICERS.

Section 1. The officers of this Association shall consist of a Presi-

dent, a First Vice-President, a Second Vice-President, six Directors, a

Secretary and a Treasurer, who, together with the four latest living

Past-Presidents, who are Active Members, shall constitute the Board of

Direction in which the government of the Association shall bef vested,

and who shall act as Trustees and have the custody of all property

belonging to the Association. The offices of First and Second Vice-

Presidents shall be determined by the priority of the respective dates

of election of the two Vice-Presidents.

Section 2. The term of office of the President shall be one year

;

that of the Vice-Presidents two years; that of the Directors three

years, and of the Secretary and Treasurer one year, with the exception,

however, that at the first election of officers after the adoption of

this Constitution one Vice-President and two Directors shall be elected

to serve one year; one Vice-President and two Directors for two years;

and two Directors for three years
;
provided, also, that after the first

annual election, one Vice-President and two Directors shall be elected

each year in addition to the President, Secretary and Treasurer.

Section 3. The President shall not be eligible for re-election to

that office until the period of eight years shall have elapsed after the

expiration of his previous term of office. The Vice-Presidents and Di-

rectors shall not be eligible for re-election to the same office until at

least one full term shall have elapsed after the expiration of their pre-

vious term of office.

Section 4. The first election of officers under this Constitution shall

be held by the Preliminary Organization of Charter members immedi-

ately after the adoption of this Constitution, and the officers so elected

shall at once assume office. The term of each officer shall begin at the

close of each election and shall continue until his successor shall be

elected.

Section 5. Any vacancy in the office of President shall be filled

by the First Vice-President. A vacancy in the office of either of the
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Vice-Presidents shall be filled by election from among the Directors.

In case of the disability or neglect in the performance of his duty of

any officer of this Association, the Board of Direction, by a two-thirds

majority of the entire Board, shall have power to declare the office

vacant. Vacancies in any office for the unexpired term shall be filled

by the Board of Direction, except vacancy in the office of President,

as provided above.

Section 6. At least thirty days before each annual meeting, the

Board of Direction, who shall act as a Nominating Committee, shall

nominate to the Association a list of officers for the next ensuing year.

At any time prior to the thirty days before the annual meeting any ten

members of the Association shall have the right to nominate officers for

the ensuing year. Thirty days prior to each annual meeting the Sec-

retary shall issue ballots to each active member of record in good
standing, with a list of the several candidates to be voted upon, whose
names shall be ' placed in alphabetical order if more than one person

is nominated for any position. Ballots shall be placed in a sealed

envelope, with the name of the member voting endorsed thereon, and

deposited with the Secretary at any time previous to the annual meeting.

At the annual meeting three tellers shall be appointed, who shall open

and count the ballots and report the result thereof. The majority of

votes cast for any nominee shall determine his election.

ARTICLE VI.

COMMITTEES.

Section i. The Board of Direction shall meet within thirty days

after each annual meeting, and shall appoint from among its members
a Finance Committee of three, a Library Committee of three, and a

Committee on Publications of three. These Committees shall report to

the Board of Direction and perform their duties under its supervision.

Section 2. The Finance Committee shall have immediate supervi-

sion of the accounts and financial affairs of the Association; shall approve

all bills before payment, and shall make recommendations to the Board
of Direction as to the investment of moneys and as to other financial

matters. The Finance Committee shall not have the power to incur

debts or other obligations binding the Association, nor authorize the

payment of money other than the amounts necessary to meet ordinary

current expenses of the Association, except by previous action and
authority of the Board of Direction.

Section 3. The Library Committee shall have general supervision

of the library of the Association and property therein.

Section 4. The Committee on Publications shall have general su-

pervision of the publications of the Association.

Section 5. The Board of Direction may appoint such Standing

Committees as it may deem best, to investigate, consider and report

upon methods or appliances pertaining to the general question of rail-

road location, construction or maintenance.
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It shall be within the province of the Board of Direction to invite

discussions of reports from sources outside of the Association from

those who are especially qualified by their learning and experience to

add to the value of the report under consideration ; and such discussions

may be printed in the Bulletins prior to the regular annual meeting, and,

if approved by the vote of the Association, shall he included in the pub-

lished Proceedings of the Association.

Section 6. Special Committees to examine into and report upon

any subject connected with the purposes of this Association may be

appointed in the following manner

:

A resolution to appoint such Committee, setting forth its objects and

the number of its members, may be presented by letter at any time to

the Secretary of the Association, if signed by ten Active members, and

shall be referred by him to the Board of Direction, which, if it sees fit,

may appoint such Committee. If the Board of Direction should not

deem it expedient to appoint such a Committee, the members requesting

the appointment of such Committee shall be notified, and the matter will

then be referred to the Association at its next annual meeting and de-

cided upon by ballot. If two-thirds of the members present vote in

favor of such Committee, it shall be appointed by the President.

ARTICLE VII.

MANAGEMENT.

Section i. The President shall have a general supervision of the

affairs of the Association. He shall preside at all meetings of the

Association and at all meetings of the Board of Direction, and shall be

ex-officio member of all Committees.

The Vice-Presidents in order of seniority shall preside at meetings

in the absence of the President, and discharge his duties in case of a

vacancy in his office.

Section 2. The Board of Direction shall manage the affairs of the

Association and shall have full power to control and regulate all mat-

ters not otherwise provided for in the Constitution.

Section 3. The Treasurer shall receive all moneys and deposit same

in the name of the Association, and shall receipt to the Secretary there-

for. He shall invest all funds not needed for current disbursements as

shall be ordered by the Board of Direction. He shall pay all bills, when
properly certified and audited by the Finance Committee, and make such

reports as may be called for by the Board of Direction.

Section 4. The Secretary shall be, under the direction of the Presi-

dent and Board of Direction, the Executive officer of the Association.

He shall attend all meetings of the Association and of the Board

of Direction, prepare the business therefor, and duly record the pro-

ceedings thereof. He shall see that all moneys due the Association

are carefully collected and without loss transferred to the custody of

the Treasurer. He shall personally certify to the accuracy of all

bills or vouchers on which money is to be paid. He is to conduct

the correspondence of the Association and keep proper record thereof,

and perform such other duties as may be assigned to him from time to

time bv the Board of Direction.



CONSTITUTION. 1663

ARTICLE VIII.

MEETINGS.

Section i. The regular annual meeting of the Association shall be

held in the City of Chicago, commencing upon the third Tuesday in

March of each year, and at such place in said city as may be selected by

the Board of Direction. Twenty-five Active members shall constitute

a quorum. Other meetings of the Association may be held at such

times and such places, either within or without the City of Chicago,

as the Board of Direction may select. The Secretary shall notify all

members of the time and place of all meetings of the Association at least

thirty days in advance thereof.

Section 2. The Board of Direction shall meet at such times and at

such places as the President may direct. Five members of the Board
of Direction shall constitute a quorum.

Section 3. The order of business at meetings of the Association

shall be as follows

:

1. Reading of Minutes of last meeting.
2. Address of the President.

3. Reports of the Secretary and Treasurer.

4. Reports of Standing Committees.

5. Reports of Special Committees.
6. Unfinished business.

7. New business.

8 Election of officers,

p. Adjournment.

This order of business, however, may be varied from on a majority

vote of members present at any meeting.

Section 4. Discussion shall be limited to members and to those in-

vited to speak by the Presiding Officer.

ARTICLE IX.

AMENDMENTS.

Section i. Proposed amendments to this Constitution must be

made in writing and signed by not less than ten Active members, and

shall be acted upon in the following manner

:

The amendments shall be presented to the Secretary, who shall send

a copy of same' to each member of the Board of Direction as soon as

received. If at the next meeting of the Board of Direction a majority

of the Board are in favor of considering the proposed amendments,

the matter shall then be submitted by letter to each Active member
of the Association for voting by ballot, and the result announced by

the Secretary at the next annual meeting of the Association. In case

two-thirds of the votes received are affirmative, the amendments shall

be declared adopted. Amendments so adopted shall take effect thirty

davs thereafter.



GENERAL RULES FOR THE PREPARATION, PUBLICATION
AND CONSIDERATION OF COMMITTEE REPORTS.

Standing
Commit-
tees.

Special
Com-
mittees.

Personnel
of Com-
mittees.

Outline of
Work.

General.

Collection
of Data.

(A) APPOINTMENT OF COMMITTEES AND OUTLINE OF
WORK.

i. The following arc Standing Committees:

I. Roadway.

II. Ballast.

III. Ties.

IV. Rail.

V. Track.

VI. Buildings.

VII. Wooden Bridges and Trestles.

VIII. Masonry.

IX. Signs, Fences and Crossings.

X. Signals and Interlocking.

XI. Records and Accounts.

XII. Rules and Organization.

XIII. Water Service.

XIV. Yards and Terminals.

XV. Iron and Steel Structures.

XVI. Economics of Railway Construction.

XVII. Wood Preservation.

XVIII. Electricity.

2. Special Committees will be appointed from time to time, as

may be deemed expedient, in the manner prescribed by Section 6,

Article VI, of the Constitution.

3. The personnel of all Committees will continue from year to

year, except when changes are announced by the Board of Direction

at the annual convention.

4. As soon as practicable after each annual convention the Board

of Direction will assign to each Committee the important questions

which, in its judgment, should preferably be considered during the

current year. Committees are privileged to present the results of any

special study or investigation they may be engaged upon or that may
be considered of sufficient importance to warrant presentation.

(B) PREPARATION OF COMMITTEE REPORTS.

5. The collection and compilation of data and subsequent analysis

in the form of arguments and criticism is a necessary and valuable

preliminary element of committee work.

6. Committees are privileged to obtain data or information in any

proper way. If desired, the Secretary will issue circulars of inquiry,
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which should be brief and concise. The questions asked should be

specific and pertinent, and not of such general or involved character as

to preclude the possibility of obtaining satisfactory and prompt re-

sponses. They should specify to whom answers are to be sent, and

should be in such form that copies can be retained by persons replying

either by typewriter or blueprint.

7. Committee reports should be prepared as far as practicable to

conform to the following general plan

:

(a) It is extremely important that every Committee should ex-

amine its own subject-matter in the Manual of Recommended Practice

prior to each annual convention, and revise and supplement it, if

deemed desirable, giving the necessary notice of any recommended

changes in accordance with Clause "a,"' Article 6, of the General Rules

for the Publication of the Manual of Recommended Practice." If no

changes are recommended, statement should be made accordingly.

(b) The report should be prefaced by a condensed statement of

meetings held and members in attendance ; also, personnel of sub-

committees appointed.

(c) The previous report should be reviewed, describing action

taken thereon, referring briefly in order to all conclusions, specifica-

tions or standards then adopted, giving volume and page of Proceed-

ings and .Manual.

(d) Subjects presented in previous reports on which no action

was taken should be resubmitted, stating concisely the action desired.

It may not be necessary to repeat the original text in the report,

reference to former publication being sufficient, unless changes in the

previously published version are extensive. Minor changes can be

explained in the text of the report.

(e) Technical terms used in the report, the meaning of which

is not clearly established, should be submitted, but defined only from

the standpoint of railway engineering.

(f) If necessary, a brief history of the subject-matter under dis-

cussion, with an outline of its origin and development, should be given.

(g) An analysis of the most important elements of the subject-

matter should be given.

(h) The advantages and disadvantages of the present and rec-

ommended practices should be set forth.

(i) The conclusions of the Committee which are recommended
for publication in the Manual of Recommended Practice should be

stated in clear, concise and comprehensive language, in logical sequence,

and grouped together, in boldface type, specifying the plans, specifica-

tions, definitions, forms, tables and formulas included in the recom-

mendation. Portions of the text of the report which are absolutely

essential to a clear interpretation and understanding of the conclu-

sions should be included as an integral part thereof.

(j) Committee reports, when practicable, should be signed by

each member. of the Committee; but where this might cause delay, the

Plan of
Reports.

Definitions.

History.

Analysis.

Argument.

Conclu-
sions.

Signatures.
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Chairman may sign for the members, after obtaining their consent.

The report, when published, will contain only the names of such mem-
bers of the Committee complying with this rule.

(C) PUBLICATION OF COMMITTEE REPORTS.

8. (a) Reports will be required from each of the Standing and

Special Committees each year.

(b) Although several subjects may be assigned to each Com-
mittee by the Board of Direction, a full report on only one subject is

expected at each annual convention ; but the preliminary work on some

of the remaining subjects should be in progress, and, when deemed

advisable, partial reports of progress should also be presented. This

method allows time for their proper preparation and consideration.

9. Committee reports to come before the succeeding convention

for discussion should be filed with the Secretary not later than No-

vember 30^/1 of each year.

10. Committees engaged upon subjects involving an extended in-

vestigation and study are privileged to present progress reports, giving

a brief statement of the work accomplished, and, if deemed expedient,

a forecast of the final report to be presented.

11. Committee reports will be published in the Bulletin in such

sequence as the Board of Direction may determine, but not later than

February 15th of each year, for consideration at the succeeding con-

vention. Reports will be published in the Proceedings in the form

presented by the respective Committees. Alterations ordered by the

convention will be printed in the form of footnotes or as an appendix

to the report.

12. Committees should endeavor to secure written discussions of

published reports. Written discussions will be transmitted to the re-

spective Committees, and if deemed desirable by the Committee, the

discussions will be published prior to the convention and be consid-

ered in connection with the report.

13. Each speaker's remarks will be submitted to him in writing

before publication in the Proceedings, for the correction of diction

and errors of reporting, but not for the elimination of remarks.

(D) CONSIDERATION OF COMMITTEE REPORTS.

14. The sequence in which Committee reports will be considered

by the convention will be determined by the Board of Direction.

15. The method of consideration of Committee reports will be

one of the following:

(a) Reading by title.

(b) Reading, discussing and acting upon each conclusion sep-

arately.
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(c) By majority vote, discussion will be had on each item.
Clauses not objected to when read will be considered as
voted upon and adopted.

16. Action by the convention on Committee reports will be one pina i

of the following, after discussion is closed: Action.

(a) Receiving as information.

(b) Receiving as a progress report and referring back to
Committee.

(c) Adoption of a portion and referring remainder back to
Committee.

(d) Adoption as amended.
(e) Adoption as submitted.



GENERAL RULES FOR THE PUBLICATION OF THE
"MANUAL OF RECOMMENDED PRACTICE."

Recom-
mended
Practice

Contents.

Title, i. The title of the volume will be "Manual of Recommended Prac-

tice for Railway Engineering and Maintenance of Way, containing the

Definitions, Specifications and Principles of Practice adopted and rec-

ommended by the American Railway Engineering and Maintenance of

Way Association," edited under the direction of the Committee on

Publications, and publication approved by the Board of Direction.

2. The Board of Direction shall have authority to exclude from

the Manual any matter which, in its judgment, it shall consider as not

desirable to publish, or as not being in proper shape, or as not having

received proper study and consideration.

3. The adoption by the Association and subsequent publication of

any matter in the Manual shall be considered in the nature of recom-

mended practice and shall not be binding on the members.

4. The Manual will only include resolutions, conclusions, recom-

mendations, plans, etc., relating to definitions, specifications or princi-

ples of practice of such questions connected with railway engineering

and maintenance of way work which have been made the subject of a

special study by a Standing or Special Committee and embodied in a

committee report, published not less than thirty days prior to the an-

nual convention, and submitted by the Committee to the annual con-

vention, and which, after due consideration and discussion, shall have

been voted on and formally adopted by the Association.

5. All resolutions, conclusions, recommendations, specifications,

standards, etc., in order to be included in the Manual, must be in

concise and proper final shape for publication, as the Manual will

consist only of a summary record of the definitions, principles of prac-

tice, specifications and standards recommended by the Association, with

a brief reference to the published Proceedings of the Association for

the context of the Committee report and subsequent discussion and the

final action of the Association.

Revision. 6. Any matter published in the Manual may be amended, revised,

extended or withdrawn by vote at any subsequent annual convention,

provided such changes are proposed in time for publication not less

than thirty days prior to the annual convention, and in the following

manner : (a) Upon recommendation of the Committee in charge of the

subject; (b) upon recommendation of the Board of Direction; (c)

upon request of five members, subject to the action of the Board of

Direction under Rule 6.

7. The Manual will be revised annually and kept up to date by

publishing a new edition or a supplemental pamphlet as promptly as

possible after each annual convention.
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COMMITTEE NO. I.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

i. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Collect all known formulas for determination of size of water-

ways, and tabulate them in such manner that they may be intelligently

compared. Also consider whether, by the introduction of factors suit-

ing local conditions, a general formula for waterway areas could not

be used in all cases.

3. Confer with Committee II, on Ballast, and report relative to

unit pressures allowable on the roadbed of different materials.

4. Report on the following

:

(a) Tunnel Cross Sections

;

(b) Tunnel Lining;

(c) Tunnel Drainage and Ventilation.

5. Investigate and report on the question of agricultural drainage

in levee and marsh districts as they affect railroads

:

(a) Laws and assessments.

(b) Methods of construction of drainage channels through

railroads. \

COMMITTEE NO. II.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Consider revision of Stone Ballast Specifications in the Manual,

amplifying them with the addition of physical test requirements.
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3. Continue reporl on method of making physical tests of stone

ballast, to include the crushing strength.

4. Investigate the proper thickness of ballast to insure the satis-

factory distribution of the load on the roadbed, giving consideration

to different kinds of roadbed material. The question of sub-ballast is

to be considered in this connection. Confer with Committee I, on

Roadway, as to allowable pressures.

5. Review report on gravel ballast, and recommend methods for

grading the different qualities. The recommended principles of prac-

tice in the Manual should be revised, if necessary, in connection with

such recommendation and made a part thereof.

6. Recommend the best practice for treatment of stone ballast

which has become foul in the track.

COMMITTEE NO. III.

TIES.

Observe "General Rules for the Preparation of Committee, Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recom-

mended, make statement accordingly.

2. Continue compilation of statistics on life of treated and un-

treated ties. Digest the statistics and present conclusions derived

therefrom.

3. Continue investigation of the general question of the present

and future status of the tie supply, the various methods heretofore

adopted for reducing the yearly demands on the timber supply, and

what general lines of investigation and change in existing methods

may seem most desirable to be followed so as to secure the best re-

sults in the future.

4. Continue investigation as to the extent of use, life and design

of metal, composite and concrete ties, with illustrations and descrip-

tions of the most successful designs, and draw such conclusions as the

information may warrant.

COMMITTEE NO. IV.

RAIL.

Observe "General Rules for the /'reparation of Committee Reports.''

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.



OUTLINE OF WORK FOR 1909. 1671

1. Consider revision of Manual; if no changes arc recommended,

make statement accordingly.

2. Continue the investigation of the breakage and failure of rails

and present summary of conclusions drawn from reports received.

3. Report on the results obtained from the use of open-hearth

and special alloy steel rails, and chemical composition of such rails.

4. Present report showing diagrams or photographs of typical

characteristic rail failures corresponding to the adopted classification

of rail failures.

5. Report on any recommended changes in specifications for steel

rails heretofore adopted, and prepare specifications for open-hearth

steel rails.

6. Present recommendation on Standard Rail Sections.

7. Consider the Rail Joint question and recommend design and

specifications.

8. Reconsider and report any recommended change in Standard

Drilling for Rails as given in the Manual.

COMMITTEE NO. V.

TRACK.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Consider and report upon the effect of the different methods

of treatment upon track fastenings, spikes, tie plates, and other metal

portions coming in contact with track circuits, conferring with Com-
mittee X, on Signals and Interlocking.

3. Recommended specifications for frogs, switches and switch-

stands, conferring with Committee X, on Signals and Interlocking,

relative to switchstand signals.

4. Recommend three lengths of switch points which most nearly

meet ordinary requirements.

5. Recommend a minimum number of lengths of frogs, not to

exceed four, giving lengths from point to toe and from point to heel,

and total lengths.

6. Recommend a table of practical lengths of switch leads for

different numbers of frogs closely approximating the theoretical.

7. Continue investigation in connection with a sub-coinmitlee of

the American Railway Master Mechanics' Association upon (lie sub-

ject of widening the gage on curves as affected by different lengths of

engine wheel base, arrangement of flanged wheels and wheel wear.

8. Report on the canting of rail.



1572 OUTLINE OF WORK FOR 1909.

COMMITTEE NO. VI.

BUILDINGS.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes arc recom-

mended, make statement accordingly.

2. Report on the use of reinforced concrete for coaling stations

and storage bins.

3. Continue the investigations on the design and detail arrange-

ments of oil houses at terminals.

4. Recommend conditions under which various types of roof cov-

erings are desirable.

5. Submit recommended designs for section tool houses applicable

to roads of classes A, B and C.

COMMITTEE NO. VII.

WOODEN BRIDGES AND TRESTLES.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Continue the revision of the Specification for Structural Tim-

bers, co-operating with Committee Q of the American Society for

Testing Materials and committees of other associations on the subject,

with a view, if possible, of preparing a uniform standard specification.

3. Continue the study of principles and methods of pile-driving,

the subdivision to include pile-driving records, recommended types of

sheet piles, concrete piles, pile-driving formulas, recommended types

of equipment, shoes, splices, etc.

4. Prepare a set of definitions relating to Specifications for Tim-

ber, supplementing definitions of defects, but more comprehensive than

heretofore.
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COMMITTEE NO. VIII.

MASONRY.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Report upon the waterproofing of masonry, covering methods,

results, cost and recommended practice.

3. Reconsider and resubmit the specifications for reinforced con-

crete submitted at the tenth annual convention, including allowable

unit stresses and loads. Confer with committees of the American

Society of Civil Engineers and American Society for Testing Ma-
terials.

4. Revise report on the desirability of all monolithic construction

in arches or large abutments with wing walls. Define monolithic con-

struction.

5. Present typical plans of retaining walls and abutments, plain

and reinforced, with comparison and recommended practice. This also

requires theoretical consideration.

6. Continue report on the use of reinforced concrete trestles,

typical designs and cost.

7. Reappoint a sub-committee to co-operate with the "Joint Com-
mittee" on Concrete and Reinforced Concrete.

COMMITTEE NO. IX.

SIGNS., FENCES AND CROSSINGS.

Observe "General Rules for the Preparation of Committee Reports.''

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Report on ways and means for securing a proper quality of

fence wire to resist corrosion and secure durability.

3. Rewrite detailed matter accompanying conclusions adopted at

tenth annual convention, with a view of brevity, and furnish plans to

explain them.

4. Continue investigation of the use of concrete fence posts and

submit recommendations.

5. Investigate the best form of flangeways at road crossings.
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COMMITTEE NO. X.

SIGNALS AND INTERLOCKING.

Observe "General Rules for the /'reparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Continue investigation of outline and description of a "compre-

hensive and uniform signal system, suitable for general adoption.

3. Continue preparation of standard agreement form for signal

work, conferring with Special Committee on Uniform General Contract

Forms. This agreement form should be general and should not in-

clude division of expense.

4. Confer with Committee III, on Ties, and make report on the

effect of treated and metal ties on track circuits.

5. Report relative to proper form of switchstand signals, confer-

ring with Committee V, on Track.

6. Confer with Committee XI, on Records and Accounts, relative

to conventional symbols.

7. Revise Mechanical Interlocking Specifications presented in Bul-

letin 108. and include wrought-iron pipe as well as steel.

8. Review and resubmit Electric Interlocking Specifications, with

statement of the results from experience.

COMMITTEE NO. XI.

RECORDS AND ACCOUNTS.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length, of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual ; if no changes are recommended,

make statement accordingly.

2. Recommend a system for numbering all the "Forms" adopted

of the various Committees.

3. Continue recommendations of any desirable changes in adopted

conventional symbols, with especial reference to Forms M.W. 1020

and 1022. Confer with all Committees.

4. Recommend forms for use of Maintenance of Way depart-

ments for preparing preliminary detailed estimates of contemplated

construction work, this form to be used preliminary to and form the

basis for the summary estimate data embodied on Form M.W. 1017.
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COMMITTEE NO. XII.

RULES AND ORGANIZATION.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual, both generally and with a view

to consistent general grouping of heads, uniformity of numbering and

similarity in language covering similar rules.

2. Confer with allied Committees which have heretofore presented

rules which have been adopted by the Association with a view of

harmonizing all such rules as have been considered by this Committee.

COMMITTEE NO. XIII.

WATER SERVICE.

Observe "General Rules for the Preparation of Committee neports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual ; if no changes are recommended,

make statement accordingly.

2. Recommend specifications for water tanks and trestle supports,

from 50,000 to 100,000 gallons capacity.

3. Examine into the friction factors for delivery pipe lines, such

as are used for water columns, and also friction factors for water

columns.

4. Report on various types of track pans, with designs of typical

installations and critical review.

COMMITTEE NO. XIV.

YARDS AND TERMINALS.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual ; if no changes are recommended,

make statement accordingly. .
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2. Study further subjects reported on at the tenth annual conven-

tion with a view to arriving at conclusions which may be of value

concerning each.

3. Prepare and recommend typical designs for hump yards, with

special reference to yards where the preponderance of traffic is empty

cars, and where the preponderance is loaded cars, both under various

climatic conditions.

4. Development of mechanical handling as a means of promoting

rapidity and economy in the handling of freight.

5. Submit typical track layout for passenger terminal of medium
size, both dead end and loop, and analyze graphically the train capacity

of the layout.

COMMITTEE NO. XV.

IRON AND STEEL STRUCTURES.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual; if no changes are recommended,

make statement accordingly.

2. Continue investigation of effect of impact on bridges.

3. Continue investigation of injuries to bridges and structures

caused by flat spots on car wheels, conferring with committees of orher

associations.

4. Recommend Specifications for Bridge Erection.

5. Report on the care of existing bridges, methods of field work,

inspection and work of inspection.

6. Report to what extent steel bridge construction for the main

girders of bridges carrying heavy loads under high speeds is prefer-

able to reinforced concrete construction.

7. Submit review of the development of metal bridge building in

America.

COMMITTEE NO. XVI.

ECONOMICS OF RAILWAY CONSTRUCTION.

Observe "General Rules for the Preparation of Committee Reports."

1. Continue the consideration of all questions connected with rail-

way location, grades, lines, and improvement of grades and lines affect-

ting the economic operation with relation to traffic, tonnage, ratings,

speed, density of traffic, and financial considerations, with the special

aim in view of establishing uniform methods and unit values for in-

vestigating and analyzing the relative changes and costs of compara-

tive routes or proposed grade reductions and line corrections.
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COMMITTEE NO. XVII.

WOOD PRESERVATION.

Observe "General Rules for the Preparation of Committee Reports."

Subjects are given in the order of their importance. It is not

desired that all subjects be reported upon this year. The number to

be reported upon should be determined after careful estimate of the

length of the report and the time required by the convention for its

consideration.

1. Consider revision of Manual ; if no changes are recommended,

make ,'tatement accordingly.

2. Continue compilation of statistics, conferring with Committees

ITT. on Ties, and VII. on Wooden Bridges and Trestles.

3. Continue investigation of proper grouping of different timbers

for antiseptic treatment.

4. Report on the proper preparation of timber for treatment, giv-

ing consideration to the deterioration of wood while undergoing air

seasoning, and its handling prior to the injection of antiseptics.

5. Report on the proper quantity and quality of antiseptics to be

used for preservation, and determine the conditions under which they

should be used. The most successful antiseptics should be first con-

sidered and attention drawn to those which have failed and give no

promise of success. (Crude petroleum can be discussed under this

head.)

6. Investigate and report on tests of strength of treated timber,

showing effect of antiseptics on its strength.

COMMITTEE NO. XVIII.

ELECTRICITY.

Observe "General Rules for the Preparation of Committee Reports

"

1. Report on proper lateral and vertical clearances required for

installations for electric traction. (See report of American Railway

Association.)

2. Report on best safeguards to be used in connection with trans-

mission line crossings over tracks, giving the recommendations in the

form of specifications.

3. Insulation. %

4. Maintenance Organization.

5. Electrolysis.

SPECIAL COMMITTEE ON UNIFORM GENERAL CONTRACT FORMS.

Review and revise uniform general contract forms presented at

tenth annual convention.
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[AX COMMITTEE ON BRINE DRIPPINGS FROM REFRIGERATOR CARS.

Keep Association advised as to action of American Railway Asso-

ciation on conclusions adopted by Association at the tenth annual con-

vention, and continue collection of data as to damage caused to rail-

\\.i\ property. Submit evidence that such damage is caused by drip-

pings from refrigerator cars.

SPECIAL COMMITTEE CO-OPEKATING WITH NATIONAL CONSERVATION

COMMISSION.

Co-operate with and continue to report proceedings of the Na-
tional Conservation Commission.

SPECIAL COMMITTEE CO-OPERATING WITH NATIONAL ADVISORY BOARD ON
FUELS AND STRUCTURAL MATERIALS.

Co-operate with and continue to report the proceedings of the Na-
tional Advisory Board.

SPECIAL COMMITTEE ON STANDARD SPECIFICATIONS FOR CEMENT.

Co-operate with and continue to report on proceedings of Joint

Committee.



STANDING COMMITTEES.

COMMITTEE NO. I.

ROADWAY.

Geo. H. Bbemner (Chairman), Engineer, Illinois District, Chicago, Bur-

lington & Quincy Railroad, Chicago, 111.

S. B. Fisher (I 'ice-Chairman), Chief Engineer, Missouri, Kansas &
Texas Railway, St. Louis, Mo.

John C. Beye, Locating Engineer, Chicago, Rock Island & Pacific Rail-

way, Chicago, 111.

D. J. Brumley, Principal Assistant Engineer, Illinois Central Railroad,

Chicago, 111.

Moses Burpee, Chief Engineer, Bangor & Aroostook Railroad, Houlton,

Me.

\Y. C. Curd, Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo
W. M. Dawley, Assistant Engineer, Erie Railroad, New York.

Walt Dennis, Office Engineer, Kansas City Southern Railway, Kansas
City, Mo.

Paul Didier, District Engineer, Baltimore & Ohio Railroad, Allegheny,

Pa.

C. Dougherty, Engineer Maintenance of Way, Cincinnati, New Orleans

& Texas Pacific Railway, Louisville, Ky.

A. M. Kinsman, Chief Engineer, Baltimore & Ohio Railroad, Balti-

more, Md.

D. M'acPherson, Assistant Chief Engineer, National Transcontinental

Railway, Ottawa, Canada.

W. D. Pence, Professor of Railroad Engineering, University of Wis-
consin, Madison, Wis.

John C. Sesser, Civil Engineer, Chicago, 111.

H. J. Slifer, General Manager, Panama Railroad, Colon, Panama.

J. A. Spielmann, Engineer Maintenance of Way, Baltimore & Ohio Rail-

road, Wheeling, W. Va.

John G. Sullivan, Assistant Chief Engineer, Canadian Pacific Railway,

Montreal, Canada.

J. E. Willoughby, Engineer of Construction, Louisville & Nashville

Railroad, Louisville, Ky.

R. C. Young, Chief Engineer, Lake Superior & Ishpeming and Munising
Railways, Marquette, Mich.

1679
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COMMITTEE NO. II.

John V. Hanna (Chairman), Chief Engineer, Kansas City Terminal

Railway, Kansas City, Mo.

C. A. Paquette (Vice-Chairman), Assistant Chief Engineer, Cleveland,

Cincinnati, Chicago & St. Louis Railway, Cincinnati, O.

O. P. Allee, Assistant Engineer, Kansas City Southern Railway, Siloam

Springs, Ark.

F. J. Bachelder, Division Engineer, Baltimore & Ohio Railroad, Wheel-

ing, W. Va.

W. J. Bergen, Assistant to Chief Engineer, New York, Chicago & St.

Louis Railway, Cleveland, O.

J. G. Bloom, District Engineer, Chicago, Rock Island & Pacific Railway,

Topeka, Kan.

H. B. Dick, Division Engineer, Baltimore & Ohio Railroad, Newark, O.

J. B. Dickson, Superintendent, Erie Railroad, Rochester, N. Y.

W. H. Grant, Manager of Construction, Canadian Northern Ontario

Railway, Toronto, Canada.

H. E. Hale, Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo.

G. D. Hicks, Superintendent, Nashville, Chattanooga & St. Louis Rail-

way, Tullahoma, Tenn.

C. C. Hill, Division Engineer, Michigan Central Railroad, Niles, Mich.

S. A. Jordan, Engineer Maintenance of Way, Baltimore & Ohio Railroad,

Baltimore, Md.

J. M. Meade, Engineer Eastern Lines, Atchison, Topeka & Sana Fe

Railway, Topeka, Kan.

C. S. Millard, Engineer Maintenance of Way, Cleveland, Cincinnati,

Chicago & St. Louis Railway, Indianapolis, Ind.

R. D. Starbuck, Assistant Chief Engineer, Michigan Central Railroad,

Detroit, Mich.

F. J. Stimson, Engineer Maintenance of Way, Grand Rapids & Indiana

Railway, Grand Rapids, Mich.

G. M. Walker, Jr., Roadmaster, Atchison, Topeka & Santa Fe Railway,

Vaughn, N. M.

S. N. Williams, Professor of Civil Engineering, Cornell College, Mt.

Vernon, la.
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COMMITTEE NO. III.

TIES.

E. B. Cushing (Chairman), Engineer Construction, Sunset Central

Lines, Houston, Tex.

E. E. Hart (Vice-Chairman), Chief Engineer, New York, Chicago &
St. Louis Railway, Cleveland, O.

A. F. Dorley, Division Engineer, Missouri Pacific Railway, Kansas

City, Mo.

L. A. Downs, Assistant to Chief Engineer Maintenance of Way, Illinois

Central Railroad, Chicago, 111.

W. F. H. Finke, Tie and Timber Agent, Southern Railway, Washing-

ton, D. C.

E. D. Jackson, Assistant Engineer, Baltimore & Ohio Railroad, Balti-

more, Md.

F. G. Jonah, Terminal Engineer, New Orleans Terminal Company, New
Orleans, La.

H. C. Landon, Division Engineer, Erie Railroad, Hornell, N. Y.

A. F. Stewart, Assistant Chief Engineer, MacKenzie-Mann Company,

Toronto, Canada.

A. W. Thompson (Director), Chief Engineer Maintenance of Way,

Baltimore & Ohio Railroad, Baltimore, Md.

Hermann von Schrenk, Supervisor of Timber Preservation, Rock

Island, Chicago & Eastern Illinois and Frisco Railways, St. Louis,

Mo.

G. H. Webb, Chief Engineer, Michigan Central Railroad, Detroit, Mich.

H. S. Wilgus, Engineer Maintenance of Way, Pittsburg, Shawmut &
Northern Railroad, Angelica, N. Y.

COMMITTEE NO. IV.

RAIL.

Chas. S. Churchill (Chairman—Director), Chief Engineer, Norfolk

& Western Railway, Roanoke, Va.

R. iMontfort (Vice-Chairman), Consulting Engineer, Louisville & Nash-

ville Railroad, Louisville, Ky.

Robert Trimble (Secretary), Chief Engineer Maintenance of Way,

Northwest System, Pennsylvania Lines, Pittsburg, Pa.

E. B. Ashby, Chief Engineer, Lehigh Valley Railroad, New York, N. Y.

J. A. Atwood, Chief Engineer, Pittsburg & Lake Erie Railroad, Pitta-

burg, Pa.

A. S. Baldwin, Chief Engineer, Illinois Central Railroad, Chicago, 111.

J. B. Berry, Chief Engineer, Chicago, Rock Island & Pacific Railway,

Chicago, 111.

M. L. Byers, Chief Engineer Maintenance of Way, Missouri Pacific Rail-

way, St. Louis, Mo.
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W. C. Cushing (Second Vice-President), Chief Engineer Maintenance

of Way, Southwest System, Pennsylvania Lines, Pittsburg, Pa.

F. A. Delano, President, Wabasli Railroad, Chicago, 111.

Dr. P. H. Dudley, Rail Expert, New York Central & Hudson River

Railroad, New York, N. Y.

C. H. Ewing, Engineer Maintenance of Way, Philadelphia & Reading

Railway, Reading, Pa.

John D. Isaacs, Consulting Engineer, Harriman Lines, Chicago, 111.

Thos. H. Johnson, Consulting Engineer, Pennsylvania Lines, Pitts-

burg, Pa.

Howard G. Kelley (Past-President), Chief Engineer, Grand Trunk

Railway System, Montreal, Canada.

J. W. Kendrick, Second Vice-President, Atchison, Topeka & Santa Fe

Railway, Chicago, 111.

George W. Kittredge (Past-President), Chief Engineer, New York Cen-

tral & Hudson River Railroad, New York, N. Y.

D. W. Lum, Chief Engineer Maintenance of Way and Structures, South-

ern Railway, Washington, D. C.

Jos. T. "Richards, Chief Engineer Maintenance of Way, Pennsylvania

Railroad, Philadelphia, Pa.

J. P. Snow (Director), Chief Engineer, Boston & Maine Railroad,

Boston, Mass.

A. W. Thompson (Director), . Chief Engineer Maintenance of Way,

Baltimore & Ohio Railroad, Baltimore, Md.

COMMITTEE NO. V.

TRACK.

L. S. Rose (Chairman), Signal Engineer, Cleveland, Cincinnati, Chicago

& St. Louis Railway, Cincinnati, O.

C. E. Knickerbocker (Vice-Chairman), Engineer Maintenance of Way,

New York, Ontario & Western Railway, Middletown, N. Y.

E. C. Blundell, General Roadmaster, Chicago, St. Paul, Minneapolis &
Omaha Railway, Eau Claire, Wis.

Garrett Davis, Superintendent, Chicago, Rock Island & Pacific Railway,

Cedar Rapids, la.

R. C. Falconer, Assistant Engineer, Erie Railroad, New York, N. Y.

T. H. Hickey, Roadmaster, Michigan Central- Railroad, St. Thomas,

Ontario.

R. H. Howard, Engineer Maintenance of Way, Chicago & Eastern Illi-

nois Railway, Chicago, 111.

C. B. Hoyt, Superintendent Track, New York, Chicago & St. Louis Rail-

way, Bellevue, O.

J. B. Jenkins, Assistant Engineer, Baltimore & Ohio Railroad, Balti-

more, Md.

John R. Leighty, Engineer Maintenance of Way, Missouri Pacific

Railway, Kansas City, Mo.
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C. E. Lindsay, Division Engineer, New York Central & Hudson River

Railroad, Albany, N. Y.

J. C. Nelson, Engineer Maintenance of Way, Seaboard Air Line, Nor-
folk, Va.

P. C. Newbegin, Maintenance Engineer, Bangor & Aroostook Railroad,

Houlton, Me.

R. M. Pearce, Resident Engineer, Pittsburg & Lake Erie Railroad,

Pittsburg, Pa.

H. T. Porter, Chief Engineer, Bessemer & Lake Erie Railroad, Green-
ville, Pa.

G. J. Ray, Chief Engineer, Delaware, Lackawanna & Western Railroad,

Hoboken, N. J.

Wm, G. Raymond, Dean State University of Iowa, Iowa City, la.

S. S. Roberts, Assistant Professor of Railroad Engineering, University

of Illinois, Urbana, 111.

F. A. Smith, Civil Engineer, Chicago, 111.

R. A. Van Houten, Division Engineer, Lehigh Valley Railroad, Easton,

Pa.

W. D. Wheeler, 4503 South Lyndale Avenue, Minneapolis, Minn.

A. A. Wirth, Engineer Maintenance of Way, Pennsylvania Lines, Pitts-

burg, Pa.

COMMITTEE NO. VI.

buildings.

O. P. Chamberlain (Chairman), Chief Engineer, Chicago & Illinois

Western Railway, Chicago, 111.

Maurice Coburn (Vice-Chairman), Engineer Maintenance of Way,
Vandalia Line, Terre Haute, Ind.

Geo. W. Andrews, Inspector of Maintenance, Baltimore & Ohio Rail-

road, Baltimore, Md.
H. M. Cryder, Fullerton Building, St. Louis, Mo.
Wm. T. Dorrance, Designing Engineer, New York Central & Hudson

River Railroad, New York, N. Y.

C. H. Fake, Chief Engineer, Mississippi River & Bonne Terre Railway,

Bonne Terre, Mo.
P. F. Gentine, Division Engineer, Missouri Pacific Railway, Atchison,

Kan.

E. N. Layfield, Chief Engineer, Chicago Terminal Transfer Railroad,

Chicago, 111.

M. A. Long, Architect, Baltimore & Ohio Railroad, Baltimore, Md.
John S. Metcalf, Civil Engineer, Chicago, 111.

L. D. Smith, Engineering Department, Southern Pacific Company, San
Francisco, Cal.

C. H. Stengel, Designing Engineer, Virginian Railway, Norfolk, Va.



1584 STANDING COMMITTEES.

COMMITTEE NO. VII.

WOODEN BRIDGES AND TRESTLES.

H. S. Jacoby (Chairman), Professor of Bridge Engineering, Cornell

University, Ithaca, N. Y.

James Keys (Vice-Chairman), Assistant Engineer, Union Pacific Rail-

road, Omaha, Neb.

F. H. Bainbridge, Resident Engineer, Chicago & Northwestern Railway,

Clinton, la.

F. E. Bissell, Civil Engineer, Cleveland, Ohio.

W. S. Bouton, Engineer of Bridges, Baltimore & Ohio Railroad, Balti-

more, Md.

Geo. A. Casseday, Bridge Engineer, Great Northern Railway, St. Paul,

Minn.

R. D. Coombs, Structural Engineer, Pennsylvania Tunnel & Terminal

Railway, New York, N. Y.

L. J. Hotchkiss, Assistant Bridge Engineer, Chicago, Burlington &
Quincy Railroad, Chicago, 111.

Hans Ibsen, Bridge Engineer, Michigan Central Railroad, Detroit, Mich.

J. A. Lahmer, Principal Assistant Engineer, Kansas City Southern Rail-

way, Kansas City, Mo.

F. B. Scheetz, Assistant Engineer, Missouri Pacific Railway, St. Louis,

Mo.

W. F. Steffens, Engineer of Bridges and Buildings, Carolina, Clinch-

field & Ohio Railway, Johnson City, Tenn.

G. R. Talcott, Baltimore & Ohio Railroad, Pittsburg, Pa.

C. C. Wentworth, Principal Assistant Engineer, Norfolk & Western

Railway, Roanoke, Va.

P. H. Wilson, Civil Engineer, Devon, Pa.

COMMITTEE NO. VIII.

MASONRY.

A. O. Cunningham (Chairman), Chief Engineer, Wabash Railroad,

St. Louis, Mo.

W. H. Petersen (Vice-Chairman), Principal Assistant Engineer, Chi-

cago, Rock Island & Pacific Railway, Chicago, 111.

W. J. Backes, Chief Engineer, Central New England Railway, Hartford,

Conn.

G. J. Bell, Division Engineer, Atchison, Topeka & Santa Fe Railway,

Marceline, Mo.

C. W. Boynton, Inspecting Engineer, Universal Portland Cement Com-

pany, Chicago, 111.

C. H. Cartlidge, Bridge Engineer, Chicago, Burlington & Quincy Rail-

road, Chicago, 111.

W. H. Chadbourn, Chief Engineer, Chicago Great Western Railway,

St. Paul, Minn.
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W. W. Colpitts, Assistant Chief Engineer, Kansas City, Mexico &
Orient Railway, Kansas City, 1M0.

T. L. Condron, Consulting Engineer, Chicago, 111.

B. Douglas, Tunnel Engineer, Detroit River Tunnel, Company, Detroit,

Mich.

L N. Edwards, Assistant Engineer, Grand Trunk Railway, Montreal,

Canada.

Richard L. Humphrey, Consulting Engineer, Philadelphia, Pa.

R. T. McM aster, Inspecting Engineer, Pittsburg & Lake Erie Railroad,

Pittsburg, Pa.

C. H. Moore, Engineer of Grade Crossings, Erie Railroad, New York.

F. E. Schall, Bridge Engineer, Lehigh Valley Railroad, South

Bethlehem, Pa.

G. H. Scribner, Jr., Consulting Engineer, Chicago, 111.

A. N. Talbot, Professor Municipal and Sanitary Engineering, Univer-

sity of Illinois, Urbana, 111.

F. L. Thompson, Assistant Engineer of Bridges, Illinois Central Rail-

road, Chicago, 111.

G. H. Tinker, Bridge Engineer, New York, Chicago & St. Louis Rail-

way, Cleveland, O.

Job Tuthill, Engineer Bridges and Buildings, Pere Marquette Railroad,

Detroit, Mich.

COMMITTEE NO. IX.

signs, fences and crossings.

W. D. Williams (Chairman), Chief Engineer, Cincinnati Northern

Railway, Van Wert, O.

K. J. C. Zink (Vice-Chairman'), Assistant Engineer, Grand Trunk Pa-

cific Railway, Winnipeg, Manitoba, Canada.

A. G. Boughner, Office Chief Draftsman, Baltimore & Ohio Railroad,

Baltimore, Md.

A. E. Doucet, District Engineer, Transcontinental Railway, Quebec,

Canada.

A. M. Funk, Division Engineer, Baltimore & Ohio Railroad, New
Castle, Pa.

Paul Hamilton, Engineer Maintenance of Way, Cleveland, Cincinnati,

Chicago & St. Louis Railway, Springfield, O.

C. W. Johns, Assistant Engineer, Chesapeake & Ohio Railway, Hinton,

W. Va.

H. L. Laughlin, Engineer Maintenance of Way, Minneapolis, St. Paul

& Sault Ste. Marie Railway, Minneapolis, Minn.

E. R. Lewis, Division Engineer, Michigan Central Railroad, Bay City,

Mich.

J. W. Orrock, Chief Draftsman, Canadian Pacific Railway, Montreal,

Canada.

P. Petri, Division Engineer, Baltimore & Ohio Railroad, Parkers-

burg, Va.
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C. H. Stein, Engineer Maintenance of Way, Central Railroad of New
Jersey, Jersey City, N. J.

E. J. Steinbeck, Assistant Engineer, Illinois Central Railroad, Chi-

cago, 111.

COMMITTEE NO. X.

SIGNALS AND INTERLOCKING.

A. H. Rudd (Chairman—Director), Signal Engineer, Pennsylvania

Railroad, Philadelphia, Pa.

L. R. Clausen (Vice-Chairman), Superintendent, Chicago, Milwaukee

& St. Paul Railway, Chicago, 111.

Azel Ames, Kerite Insulated Wire & Cable Company, New York, N. Y.

C. C. Anthony, Assistant Signal Engineer, Pennsylvania Railroad,

Philadelphia, Pa.

H. S. Balliett, Engineer Maintenance of Way, Grand Central Ter-

minal : Signal Engineer, Electric Zone, New York Central & Hud-
son River Railroad, New York, N. Y.

H. S. Caele, General Superintendent, Chicago, Rock Island & Pacific

Railway, Davenport, la.

C. A. Christofferson, Signal Engineer, Northern Pacific Railway, St.

Paul, Minn.

C E. Denney, Signal Engineer, Lake Shore & Michigan Southern Rail-

way, Geveland, O.

W. J. Eck, Electrical Engineer, Southern Railway, Washington, D. C.

W. H. Elliott, Signal Engineer, New York Central & Hudson River

Railroad, Albany, N. Y.

G. E. Ellis, Federal Signal Company, Albany, N. Y.

W. J. Harahan, Assistant to President, Erie Railroad, New York, N. Y.

M. H. Hovey, Homewood, 111.

A. S. Ingalls, Assistant General Superintendent, Lake Shore & Michi-

gan Southern Railway, Cleveland, O.

J. C. Mock, Electrical Engineer, Detroit River Tunnel Company, De-

troit, Mich.

F. P. Patenall, Signal Engineer, Baltimore & Ohio Railroad, Balti-

more, O.

J. A. Peabody, Signal Engineer, Chicago & Northwestern Railway,

Chicago, 111.

Frank Rhea, General Electric Company, Schenectady, N. Y.

W. B. Scott, Assistant Director Maintenance and Operation, Harriman

Lines, Chicago, 111.

Thos. S. Stevens, Signal Engineer, Santa Fe System, Topeka, Kan.

J. E. Taussig, Terminal Superintendent, Wabash Railroad, St. Louis,

Mo.

H. H. Temple, Superintendent, Baltimore & Ohio Railroad, New Castle,

Pa.

Edwin F. Wendt (Director), Assistant Engineer, Pittsburg & Lake

Erie Railroad, Pittsburg, Pa.
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COMMITTEE NO. XI.

RECORDS AND ACCOUNTS.

H. R. Safford (Chairman), Chief Engineer Maintenance of Way,
Illinois Central Railroad, Chicago, 111.

H. J. Pfeifer (Vice-Chairman), Engineer Maintenance of Way, Ter-
minal Railroad Association, St. Louis, Mo.

S. D. Brady, Chief Engineer, Little Kanawha Railroad, Parkersburg,

W. Va.

J. M. Brown, District Engineer, Chicago, Rock Island & Pacific Rail-

way, Davenport, la.

M. C. Byers, Chief Engineer, St. Louis & San Francisco Railroad, St.

Louis, Mo.

A. L. Davis, Assistant Engineer, Illinois Central Railroad, Chicago, 111.

T. H. Gatlin, Engineer Maintenance of Way, Southern Railway, Knox-
ville, Tenn.

C. H. Gerber, Resident Engineer, Union Pacific Railroad, Omaha, Neb.

Edward Gray, Engineer Maintenance of Way, Southern Railway, St.

Louis, Mo.

E. E. Hanna, Division Engineer, Missouri Pacific Railway, DeSoto,
Mo.

O. L. Holman, Assistant Engineer Maintenance of Way, Great North-
ern Railway, Willmar, Minn.

Paul Jones, Superintendent, Cincinnati & Muskingum Valley Railroad,

Zanesville, O.

Henry Lehn, Maintenance of Way Accountant, New York Central &
Hudson River Railroad, New York, N. Y.

Thos. Maney, General Roadmaster, Louisville & Nashville Railroad,

Louisville, Ky.

J. H. iMilburn, Chief Draftsman, Baltimore & Ohio Railroad, Baltimore,

Md.

G L. Moore, Engineer Maintenance of Way, Lehigh Valley Railroad,

South Bethlehem, Pa.

A. G. Norton, Resident Engineer, Erie Railroad, Otisville, N. Y.

C. W. Pifer, Roadmaster, Illinois Central Railroad, Clinton, 111.

W. H. Sellew, Principal Assistant Engineer, Michigan Central Rail-

road, Detroit, Mich.

V. D. Simar, Acting Chief Engineer, Duluth, South Shore & Atlantic

Railway, Marquette, Mich.

J. E. Turk, Superintendent, Philadelphia & Reading Railway, Tamaqua,
Pa.

R. W. Willis, Engineer, Missouri District, Chicago, Burlington &
Quincy Railroad, St. Louis, Mo.

W. P. Wiltsee, Assistant Engineer, Norfolk & Western Railway, Roan-
oke, Va.
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COMMITTEE NO. XII.

RULES AND ORGANIZATION.

Jos. O. Osgood {Chairman), Chief Engineer, Central Railroad of New

Jersey, Jersey City, N. J.

F. L. Nicholson {Vice-Chairman), Chief Engineer, Norfolk & South-

ern Railway, Norfolk, Va.

C. C. Anthony, Assistant Signal Engineer, Pennsylvania Railroad,

Philadelphia, Pa.

F. D. Anthony, Chief Engineer, Quebec, Montreal & Southern Rail-

way, Montreal, Canada.

M. S. Blaiklock, Engineer Maintenance of Way, Grand Trunk Rail-

way, Montreal, Canada.

G. D. Brooke, Division Engineer, Baltimore & Ohio Railroad, Balti-

more, Md.
W. H. Elliott, Signal Engineer, New York Central & Hudson River

Railroad, Albany, N. Y.

C. N. Kalk, Chief Engineer, Wisconsin Central Railway, Chicago, 111.

A. S. More, Engineer Maintenance of Way, Cleveland, Cincinnati, Chi-

cago & St. Louis Railway, Wabash, Ind.

J. B. Myers, Division Engineer, Baltimore & Ohio Railroad, Cumber-

land, Md.

J. A. Peabody, Signal Engineer, Chicago & Northwestern Railway,

Chicago, 111.

COMMITTEE NO. XIII.

WATER SERVICE.

C. L. Ransom {Chairman), Resident Engineer, Chicago & Northwestern

Railway, Omaha, Neb.

M. H. Wickhorst {Vice-Chairman) , Engineer of Tests, Chicago, Bur-

lington & Quincy Railroad, Aurora, 111.

James Burke, Engineer Maintenance of Way, Erie Railroad, Cleveland,

Ohio.

J. L. Campbell, Engineer Maintenance of Way, El Paso & Southwestern

Railway, El Paso, Tex.

Robert Ferriday, Engineer Maintenance of Way, Cleveland, Cincinnati,

Chicago & St. Louis Railway, Cincinnati, O.

G. H. Herrold, Division Engineer, Chicago Great Western Railway,

Chicago, 111.

E. G. Lane, Engineer Maintenance of Way, Baltimore & Ohio Rail-

road, Pittsburg, Pa.

C. A. Morse, Chief Engineer, Atchison, Topeka & Santa Fe Railway,

Topeka, Kan.
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W. A. Parker, Chief Engineer, St. Joseph & Grand Island Railway,

St. Joseph, Mo.

L. P. Rossiter, Division Engineer, Baltimore & Ohio Railroad, Pitts-

burg, Pa.

A. D. Schermerhorn, Division Engineer, Union Pacific Railroad,

Omaha. Neb.

COMMITTEE NO. XIV.

YARDS AND TERMINALS.

F. S. Stevens (Chairman), Superintendent, Philadelphia & Reading

Railway, Reading, Pa.

E. E. R. Tratman (V ice-Chairman) , Resident Editor, Engineering

News, Chicago, 111.

Hadley Baldwin, Superintendent, Cleveland, Cincinnati, Chicago & St.

Louis Railway, Mattoon, 111.

\V. C. Barrett, Division Engineer, Baltimore & Ohio Railroad, Grafton.

W. Va.

G. H. Burgess, Chief Engineer Delaware & Hudson Co., Albany, N. Y.

L. G. Curtis, Division Engineer, Baltimore & Ohio Railroad, Chicago,

111.

A. H. Dakin, Jr., Consulting Engineer, New York, N. Y.

H. T. Douglas, Jr., Chief Engineer, Wheeling & Lake Erie Railroad,

C'eveland, O.

A. C. Everham, Assistant Tunnel Engineer, Detroit River Tunnel Co.,

Detroit, Mich.

M. J. Henoch, Assistant Engineer, Louisville & Nashville Railroad,

Louisville, Ky.

H. A. Lane, Assistant Engineer, Baltimore & Ohio Railroad, Balti-

more, Md.

L. J. McIntyre, Assistant Engineer, Northern Pacific Railway, St.

Paul, Minn.

B. H. Mann, Signal Engineer, Missouri Pacific Railway, St. Louis, Mo.

A. Montzheimer, Chief Engineer, Elgin, Joliet & Eastern Railway,

Joliet, 111.

G. F. Morse, Assistant Engineer, Central Railroad of New Jersey,

New York, N. Y.

W. L. Seddon, Chief Engineer, Seaboard Air Line, Norfolk, Va.

C. S. Sims, Vice-President, Delaware & Hudson Co., A'bany, N. Y.

C. H. Spencer, Engineer, Washington Terminal Company, Washington,

D. C.

C. H. Stein, Engineer Maintenance of Way, Central Railroad of New
Jersey, Jersey City, N. J.

A. Swartz, Division Engineer, Erie Railroad, Huntington, Ind.
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COMMITTEE NO. XV.

IRON AND STEE1 STRl I H RJ

J. E. Gkeiner (Clniir>nan), Consulting Engineer, Baltimore, iMd.

C. F. Loweth {Vice-Chairman), Engineer and Superintendent of

Bridges and Buildings, Chicago, Milwaukee & St. Paul Railway,

Chicago, 111.

C. H. Cartlidge, Bridge Engineer, Chicago, Burlington & Quincy

Railway, Chicago, 111.

C. L. Crandall, Professor Railway Engineering, Cornell University,

Ithaca, N. V.

B. \Y. Guppy, Bridge Engineer, Boston & Maine Railroad, Boston,

Mass.

A. J. Himes, Engineer Grade Elimination, New York, Chicago & St.

Louis Railway, Cleveland, O.

Chas. M. Mills, Principal Assistant Engineer, Philadelphia Elevated

Railroad & Subway, Philadelphia, Pa.

A. D. Pace, 7200 Princeton Avenue, Chicago, 111.

C. D. Purdon, Chief Engineer, Memphis Terminal Railroad, Memphis,

Term.

A. F. Robinson, Bridge Engineer, Santa Fe System, Chicago, 111.

C. C. Schneider, Consulting Engineer, Philadelphia, Pa.

F. E. Turneaure, Dean, College of Engineering, University of Wiscon-

sin, Madison, Wis.

J. R. Worcester, Consulting Engineer, Boston, Mass.

COMMITTEE NO. XVI.

ECONOMICS iif RAILWAY CONSTRUCTION.

A. K. Shurtlkfk {Chairman), Office Engineer, Chicago, Rock Island &

Pacific Railway, Chicago, 111.

C. Frank Allen (Vice-chairman), Professor Railroad Engineering,

Massachusetts Institute Technology, Boston, Mass.

R. N. Begien, Division Engineer, Baltimore & Ohio Railroad, Phila-

delphia, Pa.

Willard Beahan, Assistant Engineer, Lake Shore & Michigan South-

ern Railway, Cleveland, O.

J. F. Burns, Roadmaster, Louisvil'e & Nashville Railroad, Elizabeth-

town, Ky.

W. E. Dauchy, Division Engineer, Chicago, Milwaukee & St. Paul

Railway, Missoula, iMont.

A. C. Dennis, Assistant Engineer, Canadian Pacific Railway, Montreal,

Canada.

C. P. Howard, Lake Shore & Michigan Southern Railway, Cleveland,

Ohio.

P. M'. LaBach, Assistant Office Engineer, Chicago, Rock Island &
Pacific Railway, Chicago, 111.

Fred Lavis, Resident Engineer, Pennsylvania Tunnel & Terminal Rail-

road, Mt. Vernon, N. YL
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L. B. Merriam, Division Engineer, Grand Trunk Pacific Railway, Win-
nipeg, Man.

C. J. Parker, Principal Assistant Engineer, New York Central & Hud-
son River Railroad, New York, N. Y.

J. E. Schvvitzer, Assistant Chief Engineer, Canadian Pacific Railway,

Winnipeg, Man.

Francis Lee Stuart, Chief Engineer, Erie Railroad, New York, N. Y.

H. R. Talcott. Engineer of Surveys, Baltimore & Ohio Railroad. Bal-

timore. Md.
Walter Loring Webb, Consulting Engineer, Philadelphia, Pa.

COMMITTEE NO. XVII.

WOOD PRESERVATION.

\Y. K. Hatt (Chairman), Professor Civil Engineering, Purdue Uni-

versity, Lafayette, Ind.

W. H. Courtenay (Vice-Chairman) , Chief Engineer, Louisville &
Nashville Railroad, Louisville, Ky.

R. N. Begien, Division Engineer, Baltimore & Ohio Railroad, Phila-

delphia, Pa.

E. H. Bowser, Chief Timber Inspector, Illinois Central Railroad, Mem-
phis, Tenn.

Lincoln Bush, Consulting Engineer, New York, N. Y.

O. Chanute, Consulting Engineer, Chicago, 111.

C. K. Conrad, Assistant Engineer, Erie Railroad, Washingtonville,

N. Y.

C. G. Crawford, General Manager, American Creosoting Company, Chi-

cago, 111.

E. B. Cushing, Southern Pacific Company, Houston, Tex.

W. W. Curtis, Consulting Engineer, Chicago, 111.

G. M. Davidson, Chemist, Chicago & Northwestern Railway, Chicago,

111.

E. O. Faulkner, Manager Tie and Timber Department, Santa Fe Sys-

tem, Topeka, Kan.

V. K. Hendricks, Assistant Engineer Maintenance of Way, St. Louis

& San Francisco Railroad, St. Louis, Mo.

R. L. Huntley, Chief Engineer, Union Pacific Railroad, Omaha, Neb.

A. L. Kuehn, General Superintendent, American Creosoting Company,

Chicago, 111.

S. M. Rowe, Consulting Engineer, Chicago, 111.

Earl Stimson, Chief Engineer Maintenance of Way, Baltimore & Ohio

Southwestern Railroad, Cincinnati, O.

Hermann von Schrenk, Supervisor of Timber Preservation, Rock
Island, Frisco and Chicago & Eastern Illinois Railways, St. Louis,

Mo.

Howard F. Weiss, Forest Service, United States Department of Agri-

culture, Washington, D. C.
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COMMITTEE NO. XVIII.

ELECTRICITY.

George W. Kittredge {Chairman—Past-President), Chief Engineer,

New York Central & Hudson River Railroad, New York, N. Y.

J. B. Austin, Jr. (Vice-Chairman), Engineer Maintenance of Way,
Long Island Railroad, Jamaica, N. Y.

A. S. Baldwin, Chief Engineer, Illinois Central Railroad, Chicago, 111.

R. D. Coombs, Structural Engineer, Pennsylvania Tunnel & Terminal

Railroad, New York, N. Y.

E. P. Dawlev, Consulting Engineer, Providence, R. I.

L. C. Fritch (First Vice-President), Consulting Engineer, Illinois

Central Railroad, Chicago, 111.

G. A. Harwood, Chief Engineer, Electric Zone Improvements, New
York Central & Hudson River Railroad, New York, N. Y.

W. W. Drinker, Assistant Engineer, Erie Railroad, New York, N. Y.

C. E. Lindsay, Division Engineer, New York Central & Hudson River

Railroad, Albany, N. Y.

H. R. Talcott, Engineer Surveys, Baltimore & Ohio Railroad, Bait:

more, Md.



SPECIAL COMMITTEES.

SPECIAL COMMITTEE ON UNIFORM GENERAL CONTRACT FORMS.

E. F. Ackerman (Chairman), Assistant Engineer, Lehigh Valley Rail

road, New York, N. Y.

J. C. Irwin (Vice-Chairman), Chief Engineer, Rutland Railroad, Rut-

land, Vt.

\\ m. Archer, Assistant Engineer Maintenance of Way, Baltimore &
Ohio Southwestern Railroad, Cincinnati, O.

W. L. Breckinridge, Engineer Maintenance of Way, Chicago, Burling-

ton & Quincy Railroad, Chicago, 111.

W. G. Brimson, Vice-President and General Manager, Quincy, Omaha
& Kansas City Railway, Kansas City, Mo.

W. S. Kinnear, Assistant General Manager, (Michigan Central Rail-

road, Detroit, Mich.

E. H. Lee, Chief Engineer, Chicago & Western Indiana Railway, Chi-

cago, 111.

W. B. Storey, Jr., Chief Engineer, Santa Fe System, Chicago, 111.

W. F. Tye, Civil Engineer, Montreal, Canada.

C. A. Wilson, Chief Engineer, Cincinnati, Hamilton & Dayton Railway,

Cincinnati, O.

special committee on brine drippings from refrigerator cars.

J. C. Mock (Chairman), Electrical Engineer, Detroit River Tunnel

Company, Detroit, Mich. (Representing Committee on Signals and

Interlocking.)

C. H. Cartlidge, Bridge Engineer, Chicago, Burlington & Quincy Rail-

road, Chicago, 111. (Representing Committee on Iron and Steel

Structures.)

C. B. Hoyt, Superintendent Track Maintenance and Construction, New
York, Chicago & St. Louis Railroad, Bellevue, O. (Representing

Committee on Track.)
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SPECIAL COMMITTEE CO-OPERATING WITH NATIONAL CONSERVATION

COMMISSION.

A. S. Baldwin (Chairman), Chief Engineer, Illinois Central Railroad,

Chicago, 111.

Moses Burpee, Chief Engineer, Bangor & Aroostook Railroad, Houl-

ton, Me.

W. A. Bostwick, Metallurgical Engineer, Carnegie Steel Company,

Pittsburg, Pa.

E. B. Cushing, Engineer Construction, Sunset Central Lines, Houston,

Tex.

E. O. Faulkner, Manager Tie and Timber Department, Atchison,

Topeka & Santa Fe Railway System, Chicago, 111.

A. L. Kuehn, General Superintendent, American Creosoting Company,

Chicago, 111.

D. W. Lum, Chief Engineer Maintenance of Way and Structures,

Southern Railway, Washington, D. C.

C. L. Ransom, Resident Engineer, Chicago & Northwestern Railway,

Omaha, Neb.

SPECIAL COMMITTEE CO-OPERATING WITH NATIONAL ADVISORY BOARD ON

FUELS AND STRU< HKA1. MATERIALS.

Hunter McDonald (Past-President), Chief Engineer, Nashville, Chat-

tanooga & St. Louis Railway, Nashville, Tenn.

Howard G. Kelley (Past-President), Chief Engineer, Grand Trunk

Railway System, Montreal, Canada.

Julius Kruttschnitt, Director of Maintenance and Operation, Har-

riman Lines, Chicago, 111.

SPECIAL COMMITTEE ON STANDARD SPECIFICATIONS FOR CEMENT.

Howard G. Kelley (Past-President), Chief Engineer, Grand Trunk

Railway System, Montreal, Canada.

C. W. Boynton, Inspecting Engineer, Universal Portland Cement Com-

pany, Chicago, 111.

C. H. Moore, Engineer of Grade Crossings, Erie Railroad, New York,

N. Y.



LIST OF MEMBERS.

HONORARY.

3. WALLACE, JOHN F. (Past-President),
President, Electric Properties Company, New York, N. Y.

Shepard, D. C,
I

St. Paul, Minn.

ACTIVE.

A
384. Abbott, F. E.,

Inspecting Engineer, Lackawanna Steel Company, Buffalo, N. Y.

369. Abbott, J. H.,

Contracting Engineer, Sherlock Building, Portland, Ore.

881. Ackerman, E. F. (Chairman, Uniform General Contract Forms),
Assistant Engineer, Lehigh Valley Railroad, New York, N. Y.

400. Ackert, C. H.,

Vice-President, Southern Railway, Washington, D. C.

176. Addison, C. L.,

Assistant to President, Long Island Railroad, Long Island City,

N. Y.

237. AlSHTON, R. H.,

General Manager, Chicago & Northwestern Railway, Chicago, 111.

164. Alfred, F. H.,

Civil Engineer, 72 Westminster Avenue, Detroit, Mich.

893. Allee, O. P. (Ballast).

Assistant Engineer, Kansas City Southern Railway, Siloam
Springs, Ark.

440. Allen, Andrews,
Contracting Engineer, Wisconsin Bridge Company, Chicago, III.

298. Allen, C. Frank (Economics of Railway Construction),
Professor of Railroad Engineering, Massachusetts Institute of

Technology, Boston, Mass.

869. Ambrose, J. R. W.,
Assistant Engineer, Grand Trunk Railway, Montreal, Can.

688. Ames, Azel, Jr. (Signals and Interlocking),
Kerite Insulated Wire & Cable Company, New York, N. Y.

843. Andrews, Geo. W. (Buildings),

Inspector of Maintenance, Baltimore & Ohio Railroad, Balti-
more, Md.

394. Andros.'F. W.,
Civil Engineer, 35 Cedar Street, Taunton, Mass.
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674. Anthony, C. C. (Signals and Interlocking—Rules and Organiza-

tion),

Assistant Signal Engineer, Pennsylvania Railroad, Philadelphia,
Pa.

55. Anthony, F, D. (Rules and Organization),
Chief Engineer, Quebec, Montreal & Southern Railway, Mon-

treal, Can.

39. Archer, Wm. (Uniform General Contract Forms),
Assistant Engineer Maintenance of Way, Baltimore & Ohio

Southwestern Railroad, Cincinnati, Ohio.

951. Armour, Robert,
Assistant Engineer, Grand Trunk Railway, Montreal, Can.

040. Armstrong, H. J..

Assistant Professor of Civil Engineering, Armour Institute of

Technology, Chicago, 111.

959. Arthur, G. F.,

Assistant Engineer, Illinois Central Railroad, Fulton, Ky.

334. Ashby, E. B. (Rail),

Chief Engineer, Lehigh Valley Railroad, New York, N. Y.

499. Ashton, Wm.,
Chief Engineer, Oregon Short Line, Salt Lake City, Utah.

129. Atwood, J. A. (Rail),

Chief Engineer. Pittsburg & Lake Erie Railroad, Pittsburg, Pa.

989. Atwood, W. G.,

Chief Engineer, Lake Erie & Western Railroad, Indianapolis,

Ind.

575. Austin, J. B., Jr. (Electricity),

Engineer Maintenance of Way, Long Island Railroad, Jamaica,

N. Y.

B

634. Bachelder, F. J. (Ballast),

Division Engineer, Baltimore & Ohio Railroad, Wheeling, W. Va.

900. Backes, W. J. (Masonry),
Chief Engineer, Central New England Railway, Hartford, Conn.

549. Bagg, F. A.,

Engineer, Fonda, Johnstown & Olovcrsville Railroad, Glovers-
ville, N. Y.

536. Bainbridge, F. H. (Wooden Bridges and Trestles),

Resident Engineer, Chicago & Northwestern Railway, Clinton,

Iowa.

56. Baker, Horace, -

General Manager, Cincinnati, New Orleans & Texas Pacific

Railway, Cincinnati, O.

447. Baldwin, A. S. (Chairman, Committee Co-operating with National

Conservation Commission—Rail—Electricity),

Chief Engineer, Illinois Central Railroad, Chicago, 111.

73. Baldwin, Hadley (Yards and Terminals),

Superintendent, Cleveland, Cincinnati, Chicago & St. Louis
Railway, Mattoon, 111.



LIST OF MEMBERS. 1597

136. *Bald\vin, II. F.,

Chief Engineer. Oregon & Washington Railroad, Seattle, Wash.

637. Bali-fet, H. S. (Signals and Interlocking),
Signal Engineer, Electric Division, New York Central & Hudson

River Railroad, New York, N. Y.

90. Barnard, R. C,
Superintendent, Pennsylvania Lines, Cincinnati, Ohio.

912. Barnard, W. K.,

Assistant Engineer, San Pedro, Los Angeles & Salt Lake Rail-
road. Los Angeles, C'al.

996. Barnes, F. A.,

Assistant Professor of Railroad Engineering, Cornell University,
Ithaca, N. Y.

737. Barrett, W. C. (Yards and Terminals),
Division Engineer. Baltimore & Ohio Railroad, Grafton, W. Va.

424. Bassett, W. I.,

Assistant Engineer, Chicago, Milwaukee & Puget Sound Rail-
way, Spokane, Wash.

119. Bates, Onward,
Consulting Engineer, 355 Dearborn Street, Chicago, 111.

901. Beagles, Fred,
Assistant Engineer, Oregon Railroad & Navigation Company,

Portland, Ore.

672. Beahan, Willard (Economics of Railway Construction),

Assistant Engineer, Lake Shore & Michigan Southern Railway,
Cleveland, Ohio.

873. Beckman, B. F,
Superintendent, Fort Smith & Western Railroad, Fort Smith,

Ark.

754. Begien, R. N. (Economics of Railway Construction—Wood Pres-
ervation),

Division Engineer, Baltimore & Ohio Railroad, Philadelphia, Pa.

836. Bell, Gilbert J. (Masonry),
Division Engineer, Atchison, Topeka & Santa Fe Railway,

Marceline, Mo.

239. Bell, Robert,

Superintendent, Pennsylvania Railroad, Buffalo, N. Y.

774. Bellingrodt, M. O.,

Assistant Engineer, Atlanta, Birmingham & Atlantic Railroad,
Atlanta Ga.

568. Bentele, Hans,
Assistant Engineer, National Railways of Mexico, City of

Mexico, Mex.

72,6. Bergen, W. J. (Ballast),

Assistant to Chief Engineer, New York, Chicago & St. Louis
Railway, Cleveland, O.

179. Berry, J. B. (Rail),

Chief Engineer, Chicago, Rock Island & Pacific Railway, Chi-
cago, 111.

238. BESLER, W, G. (Director),
Vice-President and General Manager, Central Railroad of New

Jersey, New York. N. Y.

•Died. June 17, 1909.
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;8o. Bettle, F. W.,
Division Engineer, Missouri Pacific Railway, Pueblo, Colo.

515. Beye, John C. (Roadway),
Locating Engineer. Chicago, Rock Island & Pacific Railway,

Chicago, 111.

47. BlSBEE, F. M.,

Engineer Western Lines. Atchison, Topeka & Santa Fe Rail-

way, La Junta, Colo. .

227. Bissell, F. E. (Wooden Bridges and Trestles),

Civil Engineer, Cleveland, Oliio.

791. BlVINS, P. A.,

Civil Engineer, Riggs & Sherman Company, Toledo, Ohio.

1009. Black, G. F.,

Engineer Maintenance of Way, Maine Centra] Railroad, Port-

land, M<\

675. Blaess, A. F.,

Roadmaster, Illinois Central Railroad, Louisville, Ky.

859. Blaiklock, M. S. (Rules and Organization),

Engineer Maintenance of Way, Grand Trunk Railway System,
Montreal, Canada.

865. Bland, J. C,
Engineer of Bridges, Pennsylvania Lines, Pittsburg, Pa.

604. Blinn, R. S.,

Assistant Engineer, Department of Public Service, Columbus, O.

385. Bloom, J. G. (Ballast),

District Engineer, Chicago, Rock Island & Pacific Railway,
Topeka, Kan.

687. Blundell, E. C. (Track),
General Roadmaster, Chicago, St. Paul, Minneapolis & Omaha

Railway, Eau Claire, Wis1
.

300. Body, John B.,

Vice-President, Tehuantepec National Railway, Mexico, Mcx.

473. Boeh, L. F.,

Assistant City Engineer, Cincinnati, O.

452. Bogue, V. G.,

Vice-President and Chief Engineer, Western Pacific Railway,
San Francisco, Cal.

191. Bonnyman, Alex.,

General Manager, Atlanta, Birmingham & Atlantic Railway,
Atlanta, Ga.

128. Boots, E. W..
Assistant Engineer, Pittsburg & Lake Erie Railroad, Pittsburg

Pa.

745. Boright, W. P.,

Division Engineer, New York, Chicago & St. Louis Railroad,
Conneaut, O.

705. Bostvvick, W. A. (Committee Co-operating with National Con-
servation Commission),

Metallurgist, Carnegie Steel Company, Pittsburg, Pa.

636. Bolgkner, A. G. (Signs, Fences and Crossings),

Engineering Department, Baltimore & Ohio Railroad, Baltimore,

Md.
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862. Bouton, \V. S. (Wooden Bridges and Trestles),

Engineer Bridges, Baltimore & Ohio Railroad, Baltimore, Md.

488. Bowman, A. L.,

Consulting Engineer, 165 Broadway, New York, N. Y.

936. Bowser, E. 11. (Wood Preservation),
Chief Timber Inspector, Illinois Central Railroad, Memphis,

Term.

510. Boynton, C. W. (Masonry),
Inspecting Engineer, Universal Portland Cement Company, Chi-

cago, 111.

756. Brady, S. D. (Records and Accounts),
Chief Engineer, Little Kanawha Railroad, Parkersburg, W. Va.

219. Breckinridge, W. L. (Uniform General Contract Forms),
Engineer Maintenance of Way, Chicago, Burlington & Qulncy

Railroad, Chicago, 111.

846. Breed, C. B.,

Associate Professor of Civil Engineering, Massachusetts Insti-

tute of Technology, Boston, Mass.

543, Bremner, Geo. H. (Chairman, Roadway),
Engineer, Illinois District, Chicago, Burlington & Quincy Rail-

road, Chicago, 111.

853. Brimson, \Y. G. (Uniform General Contract Forms),
Vice-President and General Manager, Quincy, Omaha & Kan-

sas City Railroad, Kansas City, Mo.

823. Brooke, G. D. (Rules and Organization),
Division Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

920. Brooks, N. E.,

Division Engineer, Canadian Pacific Railway, Calgary, Alberta,
Can.

716. Brooks, Richard,
General Manager and Chief Engineer, Guantanamo Railway,

Guantanamo, Cuba.

925. Brown, C. B., Jr.,

Division Engineer, Canadian Pacific Railway, .Montreal, Can.

367. Brown, E. C,
Chief Civil Engineer, Carnegie Steel Company, Pittsburg, Pa.

942. Brown, E. T.,

Division Engineer, Baltimore & Ohio Railroad, Winchester, Va.

863. Browx, J. M. (Records and Accounts),

District Engineer, Chicago, Rock Island & Pacific Railway,
Davenport, Iowa.

482. Brown, iM. F.,

Chief Engineer, Boston Bridge Works, Boston, Mass.

709. Brown, R. K.,

Engineer Maintenance of Way, San Pedro, Los Angeles & Salt

Lake Railroad, Salt Lake City, Utah.

943. Brown, T. H.,

Assistant Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

682. Brumley, D. J. (Roadway),
Principal Assistant Engineer, Illinois Central Railroad, Chicago,

III.
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410. Brunner, John,
Assistant General Superintendent, North Works, Illinois Steel

Company, Chicago, 111.

217. Bryan, C. E.,

Superintendent, Baltimore & Ohio Railroad, Parkersburg.
W. Va.

950. Budd, Ralph,
Chief Engineer, Panama Railroad, Cristobal, Panama.

594. Buel, A. W.,
Associate Bridge Engineer, Western Pacific Railway, New York,

N. Y.

654. Burgess, G. H. (Yards and Terminals),

Chief Engineer, Delaware & Hudson Company, Albany, N. Y.

531. Burke, James (Water Service),

Engineer Maintenance of Way, Erie Railroad, Cleveland, O.

646. Burnett, James,
Inspecting Engineer, New Zealand Government Railways, Wel-

lington, New Zealand.

556. Burns, J. F. (Economics of Railway Construction),

Roadmaster, Louisville & Nashville Railroad, Elizabethtown,
Ky.

820. Burpee, Moses (Roadway—Committee Co-operating with National

Conservation Commission),
Chief Engineer, Bangor & Aroostook Railroad, Houlton, Me,

991. Burpee, D. W.,
Engineering Department, Bangor & Aroostook Railroad, Houl-

ton, Me.

973. Burpee, T. C,
Engineer Maintenance of Way, Intercolonial Railway, Monc-

ton, N. B.

773. Burton, W. J.,

Division Engineer, Missouri Pacific Railway, St. Louis, Mo.

152. Burwell, Blair, Jr.,

Consulting Engineer, Jacksonville, Fla.

621. Bush, Lincoln (Wood Preservation),

Consulting Engineer, Metropolitan Life Building, New York,
N. Y.

772. BUSTEED, F. F.,

General Superintendent, Canadian Pacific Railway, Vancouver,
B. C, Can.

585. BUTTERWORTH, A. C,
Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo.

460. Byers, C. H.,

Assistant Engineer, Chicago, Milwaukee & Puget Sound Rail-
svay, Seattle, Wash.

949. Byers, M. C. (Records and Accounts),
Chief Engineer, St. Louis & San Francisco Railroad, St. Louis,

Mo.

89. Byers, M. L. (Rail),

Chief Engineer Maintenance of Way, Missouri Pacific Railway,

St. Louis, Mo.
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S68. Cable, H. S. (Signals and Interlocking),

General Superintendent, Chicago, Rock Island & Pacific Rail-

way, Davenport, la.

571. Calvert, T. E.,

Chief Engineer, Chicago, Burlington & Quincy Railroad, Chi-
cago, 111.

242. Camp, W. M.,

Editor, Railway and Engineering Review, Chicago, 111.

461. Campbell, A. Q.,

Assistant Engineer, Southern Pacific Company, Ogden, Utah.

618. Campbell, J. L. (Water Service),

Engineer Maintenance of Way, El Paso & Southwestern Rail-

way System, El Paso, Tex.

958. Cantine, E. I.,

Division Engineer, Delaware, Lackawanna & Western Railroad,
Hoboken, N. J.

856. Canty, J. P.,

Superintendent Bridges and Buildings, Boston & Maine Railroad,
Fitehburg, Mass.

698. Caples, M. J.,

General Manager, Carolina, Clinchfield & Ohio Railway, John-
son City, Tenn.

554. Carroll, C. J.,

Contracting Engineer, Torreon, Mex.

576. Cartlidge, C. H. (Masonry—Iron and Steel Structures),
Bridge Engineer, Chicago, Burlington & Quincy Railroad, Chi-

cago, 111.

915. Cartwright, C. E.,

Division Engineer, Canadian Pacific Railway, Vancouver, B. C.

824. Carver, R. B.,

New York, N. Y.

907. Casseday, G. A. (Wooden Bridges and Trestles),

Bridge Engineer, Great Northern Railway, St. Paul, Minn.

422. Cassell, J. F.,

Division Engineer, Southern Indiana Railway, Terre Haute, Ind.

592. Causey, W. B.,

Superintendent, Chicago Great Western Railway, Chicago, 111.

899. Chace, I. M'., Jr.,

Civil Engineer, 70 Borden Street, New Bedford, Mass.

870. Chadbourn, W. H. (Masonry),
Chief Engineer, Chicago Great Western Railway, St. Paul, Minn.

807. Chalfant, F. B.,

Assistant Division Engineer, Baltimore & Ohio Railroad, Phila-
delphia, Pa.

660. Chamberlain, O. P. (Chairman, Buildings),

Chief Engineer, Chicago & Illinois Western Railroad, Chicago,
111.

96. Chanute, O. (Wood Preservation),

Consulting Engineer, 400 Dearborn Avenue, Chicago, 111.
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[OOS. I 11 UU ES, I\ S..

I >i \ is i<
. n Engineer, Chicago & Eastern Illinois Railroad. Salem, 111.

812. Christofferson, C. \. (Signals and Interlocking),

Signal Engineer, Northern Pacific Railway, St. Paul, Minn.

894. CHURCHj H. M
.

Division Engineer, Baltimore & * » 1 • i «
. Southwestern Railroad,

Cincinnati, Ohio.

39. CHURCHILL, CI IAS. S. (Director—Chairman, Rail).

Chief Engineer, Norfolk & Western Railway, Roanoke, Va.

328. Clarke, C. S.,

Vice-President, Missouri Pacific Railway, St. Louis, Mo.

1000. Clark, George A..

General Manager, Tennessee Central Railroad, Nashville, Tenn.

939. Clark, W. A.,

Chief Engineer, Duluth & Iron Range Railroad, Duluth, Minn.

643. Clausen, L. R. (Signals and Interlocking),

Superintendent, Chicago, Milwaukee & St. Paul Railway, Chi-
cago, 111.

196. Cleveland, G. C,
Assistant Chief Engineer, Lake Shore & Michigan Southern

Railway, Cleveland, Ohio.

077. Clift, A. E.,

Superintendent. St. Louis Division, Illinois Central Railroad,
c irbondale, 111.

389. Coates, F. R.,

Contracting Engineer, Stone & Webster Engineering Corpora-
tion, Chicago, 111.

574. Coburn, Maurice (Buildings),

Engineer Maintenance of Way, Vandalia Railroad. Terre Haute,
Ind.

1010. Cochran, C W.,
Assistant Engineer Maintenance of Way, Cleveland, Cincinnati,

Chicago & St. Louis Railway, Galion, Ohio.

718. Colby, J. A.,

Inspecting Engineer, 7D9 Witherspoon Building, Philadelphia, Pa.

673. Coleman, J. F.,

Consulting Engineer, 920 Hibernla Bank Building, New Orleans,

La.

388. Coi.htis. W. W. (Masonry),
Assistant Chief Engineer, Kansas city. Mexico & orient Rail-

way, Kansas City. .Mo.

892. Colvin, D. D.,

District Engineer, National Railways of Mexico. Guadalajara,
Mex.

661. Conard, C. K. (Wood Preservation),

Assistant Engineer, Erie Railroad, Middletown, N. Y.

243. Condron, T. L. (Masonry),
Consulting Engineer, Monadnock Block, Chicago, 111.

f- 5 I . CONGDON, J. P.,

Supervising Engineer, Oregon Short Line, Pocatello, Idaho.
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P53_ Conner, J. K.,

First Assistant Engineer, Lake Erie & Western Railroad, Indi-

anapolis, [nd.

701. Connor, E. H.,

Chief Engineer, Missouri Valley Bridge & Iron Company, Leav-
enworth, Kan.

&>;. Cook, C. C,
Engineering Department, Baltimore & Ohio Railroad, Morgan-

town, W. Va.

94. COOLEY, M. W.,
General Manager, Uintah Railway, Mack, Colo.

(104. Coombs., R. D. (Wooden Bridges and Trestles—Electricity),

Structural Engineer, Pennsylvania Tunnel & Terminal Railroad,

New York, N. Y.

888. Coombs, S. E.,

Assistant Engineer, New York Central & Hudson River Rail-

road, New York, N. Y.

535. CORTHELL, A. B.,

Assistant Executive, Grand Central Station Architects, New
Y'ork, N. Y.

1003. Corthell, Elmer Lawrence,
Chief Engineer, Port Rio Grande do Sul, and Consulting Engi-

neer, Port of Para, Rio Grande, Brazil, S. A.

666. Cotter,. G. F.,

General Superintendent, Fort Worth & Denver City Railway,
Fort "Worth, Texas.

593. Courtenay, W. H. (Wood Preservation),

Chief Engineer, Louisville & Nashville Railroad, Louisville, Ky.

303. Cowan, H. W.,
Chief Engineer, Colorado & Southern Railway, Denver, Colo.

202. COWPER, J. W.,
Worden-Allen Company, 937 Commercial Bank Building, Chi-

cago, 111.

23. Cox, J. B.,

Consulting Engineer, 707 Fisher Building, Chicago, 111.

376. Crandall, C. L. (Iron and Steel Structures),

Professor of Railway Engineering, Cornell University, Ithaca,

N. Y.

857. Crawford, Carl G. (Wood Preservation),

General Manager, American Creosoting Company, Chicago, 111.

764. Crear, L. D.,

Resident Engineer, Erie Railroad, .Middletown, N. Y.

46. Crocker, Geo.,

Civil Engineer, Real Estate Department, Boston & Albany Rail-

road, Boston, Mass.

586. Cryder, H. M. (Buildings),

Manager, W. P. Carmichael Company, St. Louis, Mo.

485. Cunningham, A. O. (Chairman, Masonry),
Chief Engineer, Wabash Railroad, St. Louis, Mo.

723. Curd, W. C. (Roadway),
Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo.



1604 LIST OF MEMBERS.

445. Curtis, L. G. (Yards and Terminals),
Division Engineer, Baltimore & Ohio Railroad, Chicago, 111.

370. Curtis, W. W. (Wood Preservation),

Consulting Engineer, 909 Ellsworth Building, Chicago, 111.

ISO. Cushing, E. B. (Chairman, Ties—Wood Preservation—Committee
Co-operating with National Conservation Commission),

Engineer Construction, Sunset Central Lines, Houston, Texas.

16. CUSHING, W. C. (Second Vice-President—Hail)

,

Chief Engineer Maintenance of Way, Southwest System, Penn-
sylvania Lines, Pittsburg, Pa.

1008. Cutler, A. S.,

-1 tni Profesdor ol Railwaj Engineering, University of Min-
nesota, Minneapolis, Minn.

D
59. Dagron, L. L.,

Engineer. Utah Light, Railway & Power Company, Salt Lake
City, Utah.

831. Dakin, A. H., Jr. (Yards and Terminals),

Consulting Engineer, 370 St. Nicholas Avenue, New York, N. Y.

22. Darling, W. L.,

Chief Engineer, Northern Pacific Railway, St. Paul, Minn.

647. Darrow, F. T.,

Engineer Maintenance of Way, Chicago, Burlington & Quincy
Railroad, Lincoln, Neb.

30. Dauchy, W. E. (Economics of Railway Construction),
District Engineer, Chicago, Milwaukee & Puget Sound Railway,

Missoula, Mont.

484. Davidson, Geo. M. (Wood Preservation),

Chemist and Engineer of Tests, Chicago & Northwestern Rail-
way, Chicago, 111.

512. Davidson, Ole,
Engineering Department, Union Pacific Railroad, Omaha, Neb.

612. Davis, A. L. (Records and .Accounts),
Assistant Engineer, Illinois Central Railroad, Chicago, 111.

828. Davis, C. A.,

Engineering Department, Chicago, Burlington & Quincy Rail-
road, Lincoln, Neb.

244. Davis, Charles Henry,
Consulting Engineer, 25 Broad Street, New York, N. Y.

768. Davis, C. S.,

Consulting Engineer, 1128 Ohio Building, Toledo, Ohio.

247. Davis, Garrett (Track),

Superintendent, Chicago, Rock Island & Pacific Railway, Cedar
Rapids, Iowa.

34. Davis, J. R. W.,
Engineer Maintenance of Way, Great Northern Railway, St.

Paul, Minn.

351. Davisson, W. H.,

Assistant Engineer. Chicago, Milwaukee & Puget Sound Railway,
Missoula, Mont,



LIST OF MEMBERS. 1605

211. Dawley. E. P. (Electricity),

Consulting Engineer, f>32 Bannigan Building, Providence, R. I.

679. Dawley, W. M. (Roadway),
Assistant Engineer, Erie Railroad, New York, N. T.

28. DAWLEY, W. S. (Treasurer),
Chief Engineer, Missouri & North Arkansas Railroad, St. Louis,

Mo.

368. Deim ling, J. F.,

Chief Engineer, Pere Marquette Railroad, Detroit, Mich.

358. Delano, F. A. (Rail),

President, Wabash Railroad, Chicago, 111.

1002. Delo, Charles G.,

Engineer Maintenance of Way, National Railways of Mexico,
Mexico, M< \

918. Denney. C. E. (Signals and Interlocking),

Signal Engineer, Lake Shore & Michigan Southern Railway,
Cleveland, O.

398. Dennis, A. C. (Economics ni Railway Construction),
Assistant Engineer, Canadian Pacific Railway, Montreal, Can.

891. Dennis, Walt (Roadway),
Office Engineer, Kansas City Southern Railway, Kansas City,

Mo.

492. Derr, C. A.,

Engineer, Susquehanna & New York Railroad, Wllllamsport, Pa.

878. Dick, H. B. (Ballast),
Division Engineer, Baltimore & Ohio Railroad, Newark, Ohio.

245. Dickinson, E.,

General Manager, Kansas City, Mexico & Orient Railway, Kan-
sas City, Mo.

565. Dickson, J. B. (Ballast),

Superintendent, Erie Railroad, Rochester, N. Y.

43. Didier, Paul (Roadway),
Principal Assistant Engineer, Baltimore & Ohio Railroad, Pitts-

burg, Pa.

326. Dixon, J. M.,

Civil Engineer, 645 Endlcott Building, St. Paul, Minn.

475. Dominico, G. F. T.,

Inspector General, Argentine Republic Railways, Buenc*
Ayres, Argentine, S. A.

822. Dorley, A. F. (Ties),
Division Engineer, Missouri Pacific Railway, Kansas City, Mo.

850. Dorrance, W. T. (Buildings),

Designing Engineer, New York Central & Hudson River Rail-
road, New York, N. Y. *

735. Doucet. A. E. ("Signs, Fences and Crossings),
District Engineer, Transcontinental Railway, Quebec, Can.

31. Dougherty, C. (Roadway),
Engineer Maintenance of Way, Cincinnati, New Orleans &

Texas Pacific Railway and Alabama Great Southern Rail-

road, Cincinnati, Ohio.



l«;<Mi LIST OF MEMBERS.

19. Dougl \>. B. ( Masonry),
Tunnel Engineer, Detroit River Tunnel Company, Detroit, Mich.

676. Douglas, H. T., Jr. (Yards and Terminals),

Chief Engineer, Wheeling & Lake Erie Railroad, Cleveland,

( >hio.

80. Downs, I.. A. (Ties),
Assisi;i 11 1 in Chief Engineer Maintenance of Way, Illinois Cen-

tral Railroad, Chicago, 111.

437. Doyle, John,
Contracting Engineer, Lima, Ohio.

154. Drake, W. A.,

Vice-President and Acting General Manager, Santa Fe, Prescott
& Phoenix Railway, Prescott, Ariz.

246. Drew, G. E.,

Civil Engineer, 512 Park Drive, Hollywood, Cal.

886. Drinker, W. W. (Electricity).

Assistant Engineer, Erie Railroad, New York, N. Y.

884. Duane, W. M.,

General Manager, Walsh Construction Company, Davenport,
Iowa.

1005. Dudes, T. L.,

Superintendent, Illinois Central Railroad, Corinth, Miss.

9Q2. DUCKERING, W. E.,

Assistant Engineer. Oregon Short Line, Pocatello, Idaho.

877. Dudley, Dr. P. H. (Rail),

Rail Expert, New York Central & Hudson River Railroad, New
York, N. Y.

493. Dunham, Chas. A.,

Signal Engineer, Great Northern Railway, St. Paul, Minn.

305. Dunn, D. B.,

Chief Engineer, Macon, Dublin & Savannah Railway, Macon, Ga.

187. Dunn, O. M..

Superintendent, Illinois Central Railroad, New Orleans, La.

E

960. Eck, W. J. (Signals and Interlocking),

Electrical Engineer, Southern Railway, Washington, D. C.

913. Eddy, C. L.,

Assistant Professor Civil Engineering, Case School of Applied
Science, Cleveland, Ohio.

G15. Edwards, J. H.,

Assistant Chief Engineer, American Bridge Company, Passaic,

N. J.

889. Edwards, L. N. (Masonry),
Assistant Engineer, Grand Trunk Railway, Montreal, Canada.

982. Egan, J. M.,
Roadmaster, Illinois Central Railroad, Fulton, Ky.

312. Elliott, Howard,
President, Northern Pacific Railway, St. Paul, Minn.



LIST OF MEMBERS. 1607

885. Elliott. W. 11 (Signals and Interlocking— Rules and Organiza-

tion),

Signal Engineer, New York Central & Hudson River Railroad.

Albany, X. v.

578 Ellis, ti. E. (Signals and Interlocking),

Federal Railway Signal Company, Albany, N. Y.

358. Elmore, B. T.,

Assistant Chief Engineer. Virginian Railway, Norfolk. Va.

740. Emery, W. E.,

Chief Engineer, Peoria & Pekln Union Railroad, Peoria, 111.

547. Endo, Tokichi,
Engineer. Military Railway, Chemulpo, Korea.

402. Ericson, E. G.,

Principal Assistant Engineer, Northwest System, Pennsylvania
Lines, Pittsburg, Pa.

658. Everham, A. C. (Yards and Terminals),

Assistant Tunnel Engineer, Detroit River Tunnel Company, De-
troit, Mich.

175. Ewing, C. H. (Rail),

Engineer Maintenance of Way, Philadelphia & Reading Rail-
way, Reading, Pa.

F

248. Faithorn, J. N.,

Receiver, Chicago Terminal Transfer Railroad, Chicago, 111.

671. Fake, C. H. (Buildings),

Chief Engineer, Missouri River & Bonne Terre Railway, Bonne
Terre, Mo.

678. Falconer, R. C. (Track),
Assistant Engineer, Erie Railroad, New York, N. Y.

588. Faulkner, E. O. (Wood Preservation—Committee Co-operating

with National Conservation Commission),
Manager Tie and Timber Department, Atchison, Topeka &

Santa Fe Railway System, Topeka, Kan.

838. Feagin, G. W.,
Chief Engineer, Madisonyille, Hartford & Eastern Railway,

Hartford, Ky.

44. Felt, C. F. W.,
Chief Engineer, Gulf, Colorado & Santa Fe Railway, Galveston,

Texas.

167. Felton, S. M.,

President, Mexican Central Railway, Mexico, Mex.

27. Fendall, B. T.,

City Engineer, Baltimore, Md.

149. Fernstrom, H.,

Chief Engineer, Virginian Railway, Norfolk, Va.

762. Ferriday, Robert (Water Service),

Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago &
St. Louis Railway, Indianapolis, Ind.



1608 LIST OF MEMBERS.

309. Ferris, H. C,
General Manager, Chihuahua & Pacific Railway, Chihuahua,

Mexico.

560. Fine, John H.,

Consulting Engineer, Bryn Mawr, Fa.

696. Finke, W. F. H. (Ties),

Tie and Timber Agent. Southern Railway, Washington, D. C.

703. Fish, J. C. L.,

Professor of Railroad Engineering, Stanford University, Stan-

ford, Cal.

199. Fisher, S. B. (Roadway),
Chief Engineer, Missouri, Kansas & Texas Railway, St. Louis,

Mo.

898. FiSK, C. H.,

5819 ' Mies Avenue, St. Louis, Mo.

87I. FlTHIAN, E. B.,

Division Engineer, Baltimore & Ohio Railroad, Parkersburg,

W. Va.

132. Fitzgerald, Thomas,
Resident Engineer and Assistant Superintendent, Southern Pa-

cific Company, Ogden, Utah.

65. FlTZHUGH, E. H.,

Third Vice-President, Grand Trunk Railway, Montreal, Can

194. Floesch, J. M.,

Contracting Engineer, Moncton, New Brunswick, Canada.

406. Ford, Edward,
Assistant to President, New Orleans & Northeastern Railroad,

New Orleans, La.

875. Ford, R. H„
Principal Assistant Engineer, Missouri Pacific Railway, St.

Louis, Mo.

467. Forrest, H. F.,

District Engineer, Canadian Northern Railway, Winnipeg, Man.

134. Frazier, J. L.,

Civil Engineer, 71 Weissinger Ga'ulbert Building, Louisville, Ky.

734. French, F. C,
Associate Professor of Civil Engineering, University of Utah,

Salt Lake City, Utah.

605. FRITCH, E. H. (Secretary),

962-63 Mnii.nlnock Block, Chicago, 111.

2. FRITCH, L. C. (First-Vice-President—Electricity),

Consulting Engineer, Illinois Central Railroad, Chicago, 111.

804. Funk, A. M. (Signs, Fences and Crossings),

Division Engineer, Baltimore & Ohio Railroad, New Castle, Pa.

8l0. 'FlJRUKAWA, SEIICHI,

Department of Engineering, Imperial Government Railways,

Tokio, Japan.



LIST OF MEMBERS. 1609

G
906. Gaines, R. H.,

Assistant Engineer, Kansas City Southern Railway, Mansfield,
La.

316. Gardner, W. A.,

President, Chicago, St. Paul, Minneapolis & Omaha Railway;
Vice-President, I'hicago & Northwestern Railway, Chicago,
111.

694. Garman, H. O.,

Associate Professor, Civil Engineering-, Purdue University, La-
fayette, Ind.

144. Garrett, W. A.,

President, Seaboard Air Line, Norfolk, Va.

916. Gatlin, T. H. (Records and Accounts),
Engineer Maintenance of Way, Southern Railway, Knoxville,

Tenn.

981. Gaven, J. J.,

Superintendent, Illinois Central Railroad, Pulton, Ky.

781. Gentine, P. F. (Buildings),

Division Engineer, Missouri Pacific Railway, Atchison, Kan.

816. Gerber, C. H. (Records and Accounts),
Resident Engineer, Union Pacific Railroad, Omaha, Neb.

980. Gerber, W. D.,

Consulting Engineer, 1201 Hartford Building, Chicago, 111.

928. Gerst, H, A.,

Chief Draftsman, Madeira-Mamore Railway, Manaos, Brazil,

S. A.

882. Gilcreast, F. W..
Division Engineer, Lehigh Valley Railroad, Hazleton, Pa.

985. Given, W. H.,

Superintendent, Chicago, Rock Island & Pacific Railway, Des
Moines, Iowa.

1001. Going, A. S.,

Locating Engineer, Grand Trunk Railway, Montreal, Can.

999. Goltra, W. R,
Tie Agent, New York Central Lines, Cleveland, Ohio.

198. Goodale, L. F.,

Supervising Engineer, Philippine Islands Railways, Manila, P. I.

801. Goodell, John S.,

Principal Assistant Engineer, Canton-Hankow Railway, Wong
Sha, Canton, China.

169. Gowen, B. C,
Civil Engineer, Marinette, Wis.

708. Graham, William,
3027 Windsor Avenue, Baltimore, Md.

795. Grant, Gordon,
Inspecting Engineer, Transcontinental Railway, Ottawa, Can.

670. Grant, W. H. (Ballast),

Manager of Construction, MacKenzie-Mann Company, Toronto,
Can.



L610 LIST OF MEMBERS.

j^o. Gray, Edward I Records and Accounts),

Engineer Maintenance of Way, Southern Railway, St. I.ouls, Mo.

511. Gray, J. C.,

civil Engineer, i"i Bast Sixty-fourtli Street, Chicago, in.

751. Green, F. W.,
General Superintendent, Louisiana & Arkansas Railway,

Stamps, Ark.

642. Greensfelder, A. P..

Laclede Building, St. Louis, Mo.

397. Greiner, J. E. (Chairman, Iron and Steel Structures),

Consulting Engineer, Baltimore & Ohio Railroad, 605 Continental
1 tuilding, Baltimore, Md.

1007. Griffith, A. IT.,

Assistant Engineer, Baltimore & Ohio Railroad, Cumberland, Md.

463. Griffith, Lawrence,
Vice-President, Federal Railway Signal Company, New York,

N. Y.

680. Griswold, H. C,
Assistant Inspecting Engineer, Illinois Steel Company, Chicago,

111.

506. Gupry, B. W. (Iron and Steel Structures),

Bridge Engineer, Boston & Maine Railroad. Boston, Mass.

404. Gutelius, F. P.,

General .Superintendent, Canadian Pacific Railway, North Bay,
Ontario, Canada.

184. Gwathmey, W. W., Jr.,

Consulting Engineer, 14 Warren Crescents, Norfolk, Va.

H

88. Haas, L. G..

Receiver's Agent, Seaboard Air Line, Baltimore, Md.

628. Hale, H. E. (Ballast),

Assistant Engineer. .Missouri Pacific^Railway, St. Louis, Mo.

668. Hallihan, J. P.,

Ne v Yoik, N. Y.

611. Hamilton, Paul (Signs, Fences and Crossings),

Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago
& St. Louis Railway, Springfield, Ohio.

249. Hanlon, W. B.,

Civil and Mining Engineer, Electric Building, Cleveland, Ohio.

833. Hanna, E. E. (Records and Accounts),

Division Engineer, Missouri Pacific Railway, De Soto, Mo.

350. Hanna. John Y. (Chairman, Ballast),

Chief Engineer, Kansas City Terminal Railway, Kansas City,

Mo.

84. HARAHAN, W. J. (Signals and Interlocking),

Assistant to President, Erie Railroad, New York, N. Y.



LIST OF MEMBERS. 1611

933- Hardin, A. T.,

Assistant General Manager, New York Central & Hudson River
Railroad, New York, N. Y.

908. Harriman, N. P.,

Chemist and Engineer of Tests, Union Pacific Railroad Omaha,
Neb.

923. Harrington, J. L.,

Consulting Engineer, Missouri Pacific, Minneapolis & St. Louis,
and Kansas City Southern Railways, Kansas City, Mo.

984. Harris, R. R. C,
Pi vision Engineer, Yuen Han Railway (Canton-Hankow Rail-

way), Canton, China.

357. Hart, E. E. (Ties),

Chief Engineer, New York, Chicago & St. Louis Railroad, Cleve-
land, Ohio.

747. Harwood, G. A. (Electricity),

Chief Engineer, Electric Zone Improvements, New York Central
& Hudson River Railroad, New York, N. Y.

182. Hatch, F. T.,

Chief Engineer, Vandalia Line, St. Louis, Mo.

559. Hatt, W. K. (Chairman, Wood Preservation),
Professor of Civil Engineering, Purdue University, Lafayette,

Ind.

465. Haugh, J. C,
Resident Engineer, New Orleans & Northeastern Railroad, New

Orleans, La.

434. Hawgood, H.,

Consulting Engineer, Hellman Building, Los Angeles, Cal.

572. Hawks, F. W.,
Division Engineer, Virginian Railway, Slab Fork, W. Va.

542. Hawxhurst, Robert, Jr.,

General Manager, Poderosa Mining Company, Cascilla 855, An-
tofagasta, Chile, S. A.

41. Hendricks, V. K. (Wood Preservation),

Assistant Engineer Maintenance of Way, St. Louis & San
Francisco Railroad, St. Louis, Mo.

902. Henoch, M. J. (Yards and Terminals),
Assistant Engineer, Louisville & Nashville Railroad, Louisville,

Ky.

209. Herbert, A. P.,

Civil Engineer, Apartado 127, Colima, Colima, Mexico.

2,2,7- Herden, H.,

Chief Engineer, Buffalo & Susquehanna Railroad, Galeton, Pa.

809. Herrold, G. H. (Water Service),

Division Engineer, Chicago Great Western Railway, Chicago, 111.

494. Hickey, T. H. (Track),

Roadmaster, Michigan Central Railroad, St. Thomas,. Ont., Can.

530. Hicks, G. D. (Ballast),

Superintendent, Nashville, Chattanooga & St. Louis Railroad,
Tullahoma, Tenn.



1C12 LIST OF MEMBERS.

81. HlGGINS, J. W.,
Assistant General Manager, Missouri Pacific Railway, St. Louis,

Mo.

627. Hill, B. B.,

Chief Engineer, Melbourne & North River Railroad, Melbourne,

Wash.

755. Hill, C. C. (Ballast),

Division Engineer, Michigan Central Railroad, Nlles, Mich.

976. Hill, G. D.,

Assistant Engineer, Louisville & Nashville Railroad, Evansville,

Ind.

471. Hill, Walter A.,

Chief Engineer, Vera Cruz & Pacific Railway, Vera Cruz, Mexico.

623. Himes, A. J. (Iron and Steel Structures),

Engineer Grade Elimination, New York, Chicago & St. Louis
Railroad, Cleveland, Ohio.

557. Hinckley, J. F.,

Consulting Engineer, 1423 Syndicate Trust Building, St. Louis,

Mo.

344. HODGSDON, D. B.,

General Manager, Central Railway of Guatemala, Guatemala
City, Guatemala, C. A.

453. HOHAGEN, A.,

Resident Engineer, Transandine Railway, Los Andes, Chile,

S. A.

800. Holman, O. L. (Records and Accounts),
Assistant Engineer Maintenance of Way, Great Northern Rail-

way, Willmar, Minn.

123. Hood, Wm.,
Chief Engineer, Southern Pacific Company, San Francisco, Cal.

250. HoTCHKlSS, C. W.,
General Manager, Chicago, Indiana & Southern Railroad, Chi-

cago, 111.

860. Hotchkiss, L. J. (Wooden Bridges and Trestles),

Assistant Bridge Engineer, Chicago, Burlington & Quincy Rail-

road, Chicago, 111.

909. Houghton, E. R.,

Office Engineer, Oregon Short Line, Salt Lake City, Utah.

777. Hovey, M'. H. (Signals and Interlocking),

Contracting Engineer, Homewood, 111.

624. Howard, C. P. (Economics of Railway Construction),
Engineering Department, Lake Shore & Michigan Southern

Railway, Cleveland, Ohio.

640. Howard, R. H. (Track),
Engineer Maintenance of Way, Chicago & Eastern Illinois Rail-

road, Chicago, 111.

160. Hoyt, C. B. (Track),

Superintendent Track Maintenance and Construction, New
York, Chicago & St. Louis Railroad, Bellevue, Ohio.

161. Hoyt, W. E.,

Consulting Engineer, 50 Westminster Road, Rochester, N. Y.



LIST OF MEMBERS. 161

3

707. Hoyt, W. H.,

Assistant Chief Engineer, Duluth, Missabe & Northern Rail-
road, l'uluth, Minn.

817. Hughes, Blair,

Division Engineer, Seaboard Air Line, Hamlet, N. C.

252. Hughes, Wm. M.,

Consulting Bridge Engineer, 532 Postal Telegraph Building, Chi-
cago, 111.

683. Humphrey, Richard L. (Masonry),
Consulting Engineer and Chemist, 805 Harrison Building, Phila-

delphia, Pa.

105. Hunt, R. W.,
Consulting Engineer, 1121 The Rookery, Chicago, 111.

156. Hunter, Jos.,

General Superintendent, Esquimalt & Nanaimo Railway, Vic-

toria, British Columbia, Canada.

310. Hunter, William,
Chief Engineer, Philadelphia & Reading Railway, Philadel-

phia, Pa.

495. Huntley, R. L.,

Chief Engineer, Union Pacific Railroad, Omaha, Neb.

714. Hynes, M. V.,

Division Engineer, Cincinnati, Hamilton & Dayton Railway,

Indianapolis, Ind.

681. Ibsen, Hans (Wooden Bridges and Trestles),

Bridge Engineer, Michigan Central Railroad, Detroit, Mich.

792. Inagaki, Hyotaro,
Resident Engineer, Imperial Government Railway, Tokio, Japan.

710. Inagaki, J.,

Chief Engineer, Seoul-Fusan Railway, Fusan, Korea.

937. Ingalls, A. S. (Signals and Interlocking),

Assistant General Superintendent, Lake Shore & Michigan
Southern Railway, Cleveland, Ohio.

793. Irwin, J. C. (Uniform General Contract Forms),

Chief Engineer, Rutland Railroad, Rutland, Vt.

145. Isaacs, John D. (Rail),

Consulting Engineer, Harriman Lines, Chicago, 111.

J

692. Jackson, Alfred,

427 Laurel Avenue, St. Paul, Minn.

844. Jackson, E. D. (Tics),

Assistant Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

546. Jacoby, H. C. (Chairman, Wooden Bridges and Trestles),

Professor of Bridge Engineering, Cornell University, Ithaca,

N. Y.



1614 LIST OF MEMBERS.

189. James, L. C,
Assistant Engineer, Baltimore & Ohio Railroad, Wheeling, W.

Va.

625. James, W. A.,

Division Engineer, Canadian Pacific Railway, Kenora, Canada.

741. Janney, A. D. P.,

Resident Engineer, Erie Railroad, Portageville, N. Y.

570. Jenkins, J. B. (Track),

Assistant Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

341. Jessup, E. M.,

Engineer Maintenance of Way, San Pedro, Los Angeles & Salt

Lake Railroad, Los Angeles, Cal.

738. Johns, C. W. (Signs, Fences and Crossings),
Assistant Engineer, Chesapeake & Ohio Railway, Hinton, W. Va.

858. Johnson, J. E.,

Division Engineer, Hocking Valley Railway, Logan, Ohio.

497. Johnson, J. M.,

President, Louisville Bridge & Iron Company, Louisville, Ky.

591. Johnson, Phelps,
.Manager, Dominion Bridge Company, Montreal, Can.

518. Johnson, Rankin,
General Manager, Bolivia Railway, La Paz, Bolivia, S. A.

864. Johnson, Thos. H. (Rail),

Consulting Engineer, Pennsylvania Lines, Pittsburg, Pa.

93. JOHNSTON, A. W. (Past-President),
General Manager, New York, Chicago & St. Louis Railroad,

Cleveland, Ohio.

956. Johnston, D. B.,

Engineer Maintenance of Way, Pennsylvania Lines, Louisville,

Ky.

253. Jonah, F. G. (Ties),
Terminal Engineer, New Orleans Terminal Company, New Or-

leans, La.

957. Jones, G. M.,
Assistant Chief Engineer, Georgia & Florida Railway, Vidalia,

Ga.

91. Jones, Paul (Records and Accounts),
Superintendent, Cincinnati & Muskingum Valley Railroad,

Zanesville, Ohio.

620. Jordan, S. A. (Ballast),

Engineer Maintenance of Way, Baltimore & Ohio Railroad,

Baltimore, Md.

827. June, Jesse G.,

Engineering Department, Union Pacific Railroad, Green River,

Wyo.

K
142. Kalk, C. N.,

Engineering Department, Minneapolis, St. Paul & Sault Ste.

Marie Railway, Minneapolis, Minn.



LIST OF MEMBERS. 1615

iou. Raw a k, I [ideo,

Engineer, Shimbashi Division, [mperial Government Railways,
Tokio, Japan.

86. KELLEY, HOWARD G. {Past-President—Rail),
Chief Engineer, Grand Trunk Railway System, Montreal, Can.

597- Kendrick, J. W. (Rail),

Second Vice-President, Atchison, Topeka & Santa Fe Railway,
Chicago, 111.

796. Kenly, R. G.,

Chief Engineer, Minneapolis & St. Louis Railroad, Minneapolis,
Minn.

813. Kennedy, \V. M.,

Division Engineer, Lehigh Valley Railroad, Wilkes-Barre, Pa.

598. Kenney, E. F.,

Metallurgical Engineer, Cambria Steel Company, Johnstown, Pa.

798. Kenkick, G. A.,

Engineer, Montana Rapid Transit Company, Helena, Mont.

550. Kent, A. S.,

Division Engineer, Chicago, Indianapolis & Louisville Railway,
Chicago, 111.

361. Kenyon, VV. J. C.
General Manager, Illinois Tunnel Company, Chicago, 111.

95-'. Ketchtm, M. S.j

Professor of Civil Engineering, University of Colorado, Boulder,
Colo.

4S6. Keys, James (Wooden Bridges and Trestles),

Assistant Engineer, Union Pacific Railroad, Omaha, Neb.

677. Khuen, Richard,
Resident Engineer, American Bridge Company, Pittsburg, Pa.

319. Killebrew, O. D.,

Civil Engineer, Richmond, Va.

339. Kimball, W. H.,

Consulting Engineer, Davenport, Iowa.

294. King, W. S.,

Chief Engineer, LTnion Stock Yards and Railroad, South Omaha,
Neb.

220. Kingman, Lewis,
Assistant Chief Engineer, National Railways of Mexico, Mexico,

Mex.

15. Kinnear, W. S. (Uniform General Contract Forms),
Assistant General Manager, Michigan Central Railroad, Detroit,

Mich.

761. Kinsman, A. M. (Roadway),
Chief Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

106. KITTREDGE, GEORGE W. {Past-President—Chairman, Elec-

tricity—Rail),

Chief Engineer, New York Central & Hudson River Railroad,
New York, N. Y.



1616 LIST OF MEMBERS.

561. Knickerbocker, C. E. (Track),
Engineer Maintenance of Way, New York, Ontario & Western

Railway, Mlddletown, N. V.

728. Knowlton, B. F.,

Assistant Engineer, Southern Pacifli Company, Ban Francisco,
Cal.

401. Knowlton, H. H.,

Seattle, Wash.

107. KOEHLER, R.,

Purchasing Agent, Southern Pacific Lines in Oregon, Portland,
Ore.

8. Kruttschnitt, J., 1

Director of Maintenance and Operation, Harriman Lines, Chi-
cago, 111.

835. Kpeiin, A. I.. (Wood Preservation—Committee Co-operating with

National Conservation Commission),
General Superintendent, American Creosoting Company, Chi-

cago, 111.

995. Laas, Edward,
Engineer Maintenance of Way, Chicago, Milwaukee & St. Paul

Railway, Chicago, 111.

930. LaBach, P. M. (Economics of Railway Construction),

Assistant Office Engineer, Chicago, Rook Island & Pacific Rail-

way, Chicago, 111.

802. Lahmer, J. A. (Wooden Bridges and Trestles),

Principal Assistant Engineer, Kansas City Southern Railway,
Kansas City, Mo.

52. Landon, H. C. (Ties),

Division Engineer, Erie Railroad. Hornell, N. Y.

635. Lane, E. G. (Waler Service),

Engineer Maintenance of Way, Baltimore & Ohio Railroad,

Pittsburg, Pa.

563. Lane, H. A. (Yards and Terminals),
Assistant Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

746. Lannan, L E.,

Wilkinsburg, Pa.

724. Laughlin, H. L. (Signs, Fences and Crossings),
Engineer Maintenance of Way, Minneapolis, St. Paul & Sault

Ste. Marie Railway, Minneapolis, Minn.

887. Lavis, Fred (Economics of Railway Construction),

Resident Engineer, Pennsylvania Tunnel & Terminal Railroad,

Hoboken, N. J.

656. Layfield, E. N. (Buildings),

Chief Engineer, Chicago Terminal Transfer Railroad, Chicago,
111.

944. Layng, F. R.,

Engineer of Track, Bessemer & Lake Erie Railroad, Greenville,

Fa.



LIST OF MEMBERS. 1617

007. Lee, Elisha,
Superintendent, New York, Philadelphia & Norfolk Railway,

Cape Charles, Va.

124. Lee, E. H. (Uniform General Contract Forms),
Chief Engineer, Chicago & Western Indiana Railroad, Chicago,

111.

837. Lee, Frank,
Division Engineer, Canadian Pacific Railway, Winnipeg, Mani-

toba, Can.

449. Lee, W. I.,

Resident Engineer, Virginia Highway Commission, Staunton, "Va.

732. Leffler, B. R.,

Bridge Engineer, Lake Shore & Michigan Southern Railway,
Cleveland, Ohio.

717. Lehn, Henry (Records and Accounts),
Maintenance of Way Accountant, New York Central & Hudson

River Railroad, New York, N. Y.

631. Leighty, John R. (Track),
Engineer Maintenance of Way, Missouri Pacific Railway, Kan-

sas City, Mo.

979. Lemond, J. S.,

Engineer Maintenance of Way, Southern Railway, Charlotte,
N. C.

338. Lewis, C,
Civil Engineer, 25 Broad Street, New York, N. Y.

790. Lewis, D. O.,

Engineer Maintenance of Way, Canadian Northern Ontario
Railway, Toronto, Can.

759. Lewis, E. R. (Signs, Fences and Crossings),
Division Engineer, Michigan Central Railroad, Bay City, Mich.

49. Lindsay, C. E. (Track—Electricity),

Division Engineer, New York Central & Hudson River Railroad,
Albany, N. Y.

861. Long, M. A. (Buildings),

Architect, Baltimore & Ohio Railroad, Baltimore, Md.

441. Loweth, C. F. (Iron and Steel Structures),

Engineer and Superintendent Bridges and Buildings, Chicago,
Milwaukee & St. Paul Railway, Chicago, 111.

815. LOWNSBURY, F. W.,
Resident Engineer, Northern Pacific Railway, Cheney, Wash.

146. Lum, D. W. (Rail—Committee Co-operating with National Con-
servation Commission),

Chief Engineer Maintenance of Way and Structures, Southern
Railway, Washington, D. C.

M
423. McCalman, Ralph,

Chief Engineer, Standard Construction Company, Cleveland, Ohio.

609. McCarthy, G. A.,

Engineer, Smith, Kerry & Chace, Toronto, Canada,



L618 LIST OF MEMBERS.

458. McCarthy, r. A.,

Chief Engineer, San Diego, El Paso & St. Louis Railroad,

El Paso, 'rex.

7S5. McCasun, W. K.
Engineer, White & Cache Levee District, Cotton Rant, Ark.

987. Mi CORW UK. R. I...

Associate Professor of Civil Engineering, Ros^ Polytechnic in-

stitute, Terre Haute, [nd.

534. McCullough, C. B.,

General Manager, Jersey Shore & Antes Fori Railroad, Jersey

Shore, Pa.

11. McDONALD, HUNTER (Past-President),

Chief Engineer, Nashville, Chattanooga & St. Louis Railway,

Nashville, Tenn.

183. McGoNAGLE, \Y. A..

President, Duluth, Missabe & Northern Railway, Duluth, Minn.

64. McGuigan, F. H.,

President, McGuigan Construction Company, Toronto, Canada.

300. McHenry, E. H.,

Vice-President, New York, New Haven & Hartford Railroad,

New Haven, Conn.

644. McIntosh, D. T.,

District Engineer, New Zealand Government Railways, Auck-
land, New Zealand.

794. McIntosh, F. J.,

Assistant District Engineer, Transcontinental Ra'lway, St.

Boniface, Manitoba, Canada.

608. MclNTYRE, L. J. (Yards and Terminals).
Assistant Engineer, Northern Pacific Railway, St. Paul, Minn.

715. MacLean, F. W.,
Inspecting Engineer, New Zealand Government Railways, Well-

ington, New Zealand.

896. MacMartin, J. M..

Vice-President and General Manager, Elmore & Hamilton Con-
tracting Company. Albany, N. Y.

972. Mi Master, R. T. (.Masonry),
Inspecting Engineer. Pittsburg & Lake Erie Railroad, Cora-

opolis, Pa.

166. McNAB, WILLIAM' (President),
Principal Assistant Engineer, Grand Trunk Railway System,

Montreal, Can.

321. McNaugher, D. YV.,

Civil Engineer, Monongahela Bank Building, Pittsburg, Pa.

157. MacPherson, Duncan (Roadway),
Assistant chief Engineer, Transcontinental Railway. Ottawa,

Canada.

990. Macomb, J. N., Jr.,

Engineering Department, Atchison, Topeka & Santa Fe Rail-
way, Chicago, 111.

53. Macy, E. C,
Engineer, Stone & Webster Engineering Corporation, Seattle,

Wash.



LIST OF MEMBERS. 1619

50. Mallard, C. C,
Superintendent, Gila Valley, Globe & Northern Railway, Globe,

Ariz.

934. Maney, Thomas (Records and Accounts),
General Roadmaster, Louisville & Nashville Railroad Louisville

Ky.

577. Mann, B. H. (Yards and Terminals),
Signal Engineer, Missouri Pacific Railway System, St. Louis

Mo.

8S3. Marburg, Edgar,
Professor of Civil Engineering, University of Pennsylvania,

Philadelphia, Pa.

391. Marchbanks, James,
Civil Engineer, 33 Hobson Crescent, Wellington, New Zealand.

171. Marklev, A. S.,

Master Carpenter, Chicago & Eastern Illinois Railroad, Dan-
ville, 111.

986. Martin, L. B.,

Engineer Maintenance of Way, Illinois Traction System, De-
catur, 111.

1004. Martin, R. H.,

Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo
366. Mason, J. D.,

Civil Engineer, Chicago, 111.

662. Mather, Richard,
Assistant Engineer, Erie Railroad, Cuba, N. Y.

581. Meade. J. M. (Ballast),

Engineer, Eastern Lines, Atchison, Topeka & Santa Fe Rail-
way, Topeka, Kan.

411. Merriam, H. B.,

Roadmaster, Northern Pacific Railway, Drummond, Mont.

731. Merriam, L. B. (Economics of Railway Construction),
Consulting Civil Engineer, Indianapolis, Ind.

649. Metcalf, John S. (Buildings),

President, John S. Metcalf Company, Chicago, 111.

17. Michel, William,
Engineer Maintenance of Way, Hocking Valley Railroad, Colum-

bus, Ohio.

739. MlESSE, C. H.,

Assistant Engineer, Erie Railroad, Cuba, N. Y.

770. MiUiURN, J. H. (Records and Accounts),
Chief Draftsman, Baltimore & Ohio Railroad, Baltimore, Md.

42. Millard, Curtiss,

21"i Fredonia Avenue, Peoria, 111.

272. Millard, C. S. (Ballast),

Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago &
St. Louis Railway, Indianapolis, Ind.

725. Miller, C. H.,

Engineer River Protection, Missouri Pacific Railway, Little

Rock, Ark.



1620 LIST OF MF.MUF.RS.

808. Miller, L. W.,
Engineer Maintenance of Way, Mexican Central Railway,

Mexico, Mex.

579. Millett, Geo. C,
Assistant Engineer, Atchison, Topeka & Santa Fe Railway, Los

Angeles, Cal.

469. Mills, Chas. M. (Iron and Steel Structures),

Principal Assistant Engineer, Elevated Railroad & Subway,
Philadelphia, Pa.

502. MlLNER, B. C,
Contracting Engineer, 603 Lincoln Building, Louisville, Ky.

418. Mock, J. C. (Signals and Interlocking),

Electrical Engineer, Detroit River Tunnel Company, Detroit,

Mich.

232. MODJESKI, RALPH,
Consulting Engineer, Monadnock Block, Chicago, 111.

638. Molesworth, A. N.,

District Engineer, Transcontinental Railway, Ottawa, Canada.

284. Molitor, F. A.,

Consulting Engineer, 79 Wall Street, New York, N. Y.

178. Montfort, R. (Rail),

Consulting Engineer, Louisville & Nashville Railroad, Louis-

ville, Ky.

606. Montzheimer, A. (Yards and Terminals),

Chief Engineer, Elgin, Joliet & Eastern and Chicago, Lake
Shore & Eastern Railways, Joliet, 111.

967. 1M0ODIE, W. T.,

Assistant Engineer, Canadian Northern Railway, Winnipeg,
Manitoba, Canada.

596. Moore, C. H. (Masonry),
Engineer Grade Crossings, Erie Railroad, New York, N. Y.

758. Moore, G. L. (Records and Accounts),
Engineer Maintenance of Way, Lehigh Valley Railroad, South

Bethlehem, Pa.

72. Moore, H. S.,

Chief Engineer, Muskogee Southern Railway, Muskogee, Okla.

287. Moore, Robert,
Consulting Engineer, Laclede Building, St. Louis, Mo.

318. Moore, W. H.,

Bridge Engineer, New York, New Haven & Hartford Railroad,

New Haven, Conn.

919. MOORSHEAD, T. C.,

Chief Engineer, Illinois Terminal Railroad, Alton, 111.

994. Moran, L. R.,

Engineer Ways and Structures, Illinois Southern Railway,
Sparta, 111.

650. More, A. S. (Rules and Organization),
Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago

& St. Louis Railway, Wabash, Ind.

566. MORKILL, W. L.,

Representative, Peruvian Corporation, Lima, Peru, S. A.



LIST OF MEMBERS. 1621

876. Morrison, A. P.,

Division Engineer, Missouri Pacific Railway, Sedalia, Mo.

172. Morrison, J. M.,

Engineer and Superintendent of Structures, Central Vermont
Railway, St. Albans, Vt.

849. Morrison, R. O.,

Division Engineer, Missouri Pacific Railway, Monroe, La.

527. Morse, C. A. (Water Service),

Chief Engineer, Atchison, Topeka & Santa Fe Railway,
Topeka, Kan.

313. Morse, G. F. (Yards and Terminals),
Assistant Engineer, Central Railroad of New Jersey, New

York, N. Y.

279. Mountain, G. A.,

Chief Engineer, Canadian Railway Commission, Ottawa, Can.

905. Mullen, Joseph,
Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago

& St. Louis Railway, Mt. Carmel, 111.

S55. Myers, J. B. (Rules and Organization),
Division Engineer, Baltimore & Ohio Railroad, Cumberland, Md.

N
285. Naugle, J. A.,

Superintendent, Interoceanic Railway, Puebla, Mexico.

963. Neafie, A. J.,

Principal Assistant Engineer, Delaware, Lackawanna & "West-
ern Railroad, Hoboken, N. J.

648. Neff, F. H.,

Professor of Civil Engineering, Case School of Applied Science,

Cleveland, Ohio.

45. Nelson, J. C. (Track),

Engineer Maintenance of Way, Seaboard Air Line, Norfolk, Va.

383. Neville, M. A.,

Superintendent, Peoria & Eastern Railway, Indianapolis, Ind.

847. Neweegin, P. C. (Track),
Maintenance Engineer, Bangor & Aroostook Railroad, Houlton,

Me.

479. Newhall, W. S.,

Civil Engineer, Cleveland, Ohio.

645. Newton, A. W.,
General Inspector Permanent Way and Structures, Chicago,

Burlington & Quincy Railroad, Chicago, 111.

36. Nicholson, F. L. (Rules and Organization),
Chief Engineer, Norfolk & Southern Railroad, Norfolk, Va.

641. NlMMO, J. V.,

Civil Engineer. 413 Dorchester Street, Montreal, Canada.

613. Nishi, Daiske,
Engineer Bureau of Railways, Japanese Government, Toklo,

Japan.

375. Norton, A. G. (Records and Accounts),
Resident Engineer, Erie Railroad, Otisville, N. Y.

231. Norton, C. T.,

Superintendent, Mexican Central Railway, Cuernavaca, Morelos,
Mex.



1622 LIST OF MEMBERS.

o

948. OgdeNj William,
Assistant Division Engineer, Pere Marquette Railroad, Saginaw,

Mich.

519. Ohmra, Takuichi,
Engineer, Hokkaido Division, Imperial Government Railways,

Sapporo, Japan.

784. Oren, F. B.,

Assistant Roadmaster, Illinois Central Railroad, Fulton, Ky,

749. Ormerod, G. H.,

Chief Engineer, Assam-Bengal Railway, Lumding, Assam, Iiulia.

616. Orr, D. K.,

Engineer, Monongahela Railroad, Brownsville, Pa.

663. Orrock, J. W. (Signs, Fences and Crossings),

Chief Draftsman, Canadian Pacific Railway, Montreal, Can.

468. Osgood. Jos. O. (Chairman, Rules and Organization),

Chief Engineer, Central Railroad of New Jersey, New York,

N. Y.

617. OSTR0M, J. N.,

('(insulting' Bridge Engineer, Farmers' Bank Building, Pittsburg,

Pa.

545. Page, A. D. (Iron and Steel Structures),

Civil Engineer, 7200 Princeton Avenue, Chicago, 111.

208. Paqvette, C. A. (Ballast),

Assistant Chief Engineer, Cleveland, Cincinnati, Chicago & St.

Louis Railway, Cincinnati, Ohio.

307. Paret, M. P.,

Consulting Engineer, 3628 Jefferson Street, Kansas City, Mo.

842. Parker, Chas. J. (Economics of Railway Construction),

Principal Assistant Engineer, New York Central & Hudson
River Railroad, New York. N. Y.

769. Parker, W. A. (Water Service),

Chief Engineer, St. Joseph & Gran 1 Island Railway, St. Joseph,

Mo.

503. Parsons, R. S.,

Superintendent, Erie Railroad, Hornell, N. Y.

845. Passell, H. F.,

Division Engineer, Cincinnati, Hamilton & Dayton Railroad,
Chillicothe, Ohio.

789. Patenall, F. P. (Signals and Interlocking),
Signal Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

180. Patterson, F. M.,

Assistant Engineer, Chicago, Burlington & Quincy Railroad,
Chicago, 111.

983. Patterson, J. C,
Assistant Chief Engineer, Great Northern Railway, St. Paul,

Minn.



LIST OF MEMBERS. 1623

567. PEABODY, .1. A. (Signals and Interlocking—Rules ami Organiza-

tion),

Signal Engineer, Chicago & Northwestern Railway, Chicago, 111.

071. Pi VR< v, R. M. ( Track ),

Resident Engineer, Pittsburg & Lake Erie Railroad, Pittsburg,
Pa.

551. Pearson, E. J.,

Chief Engineer, Lines West. Chicago, .Milwaukee & Puget
Sound Railway, Seattle, Wash.

262. PENCE, W. D. (Editor of Publications—Roadway)

,

professor of Railroad Engineering, University of Wisconsin,
Madison, Wis.

293. Pennington, E.,

President, Minneapolis, St. Paul <SI- Sault Ste. Marie Railway,
Minneapolis, Minn.

890. Perkins, L. M.,
Division Engineer, Northern Pacific Railway, St. Paul, Minn.

667. Peter, John S.,

Vice-President and General Manager, San Antonio & Aransas
Pass Railway, San Antonio, Tex.

779. Peters, J. F.,

Assistant Engineer, Terminal Railroad Association, St. Louis,
Mo.

733. Petersen, W. H. (Masonry),
Principal Assistant Engineer, Chicago, Rock Island & Pacific

Railway. Chicago, II!.

7. Peterson, P. Alex.,

Consulting Engineer, Canadian Pacific Railway, Montreal, Can.

974. Pettersen, Thomas.
Chief Engineer, Chicago & Illinois Midland Railroad, Taylor-

ville, 111.

826. Petri, Philip (Signs, Fences and Crossings),
Division Engineer, Baltimore & Ohio Railroad, Parkersburg,

W. Va.

38. Pfafflin, E. H.,

Chief Engineer, Southern Indiana and Chicago Southern Rail-
ways, Chicago, 111.

743. Pfeifek, H. J. (Records and Accounts),
Engineer Maintenance of Way, Terminal Railroad Association.

St. Louis, Mo.

582. Phillips, A. L.,

Consulting Engineer, 911 Hibernia Bank Building, New Or-
leans, La.

302. Phillips, H. C,
Chief Engineer, Atchison, Topeka & Santa Fe Railway Coast

Lines, Los Angeles, Cal.

33. Pierce, H.,

Engineer Construction, Chesapeake & Ohio Railway, Richmond,
Va.

538. Piker. C. W. (Reo rds and Accounts),
,

;

Roadmaster, Illinois Central Railroad, Clinton, 111.



1624 LIST OF MEMBERS.

851. Plumley, G. S.,

Engineer Maintenance of Way, Kanawha & West Virginia
Railroad, Charleston, W. Va.

235. Poland, W. B.,

Vice President and Chief Engineer, Philippine Islands Railways,
Manila, P. I.

415. Porter, H. T. (Track),
Chief Engineer, Bessemer & Lake Erie Railroad, Greenville, Pa.

552. Post, C. C, Jr.,

Assistant Engineer, Union Pacific Railroad, Omaha, Neb.

602. Pratt, R. B.,

Railway Architect, Canadian Northern Railway, Winnipeg,
Manitoba, Can.

283. Prout, H. G.,

Vice-President and General Manager, Union Switch 8$ Signal

Company, Swissvale, Pa.

504. PUDER, F. R.,

Assistant Engineer, Chicago Southern Railway, Chicago, 111.

544. Purdon, C. D. (Iron and Steel Structures),

Chief Engineer, Memphis Terminal Railroad, Memphis, Tenn.

Q
946. QUIGLEY, C. N.,

Assistant Engineer, Michigan Central Railroad, Bay City, Mich.

R

419. Ramsey, J. P.,

President, Chicago, Peoria & St. Liouis Railway, St. Louis, Mo.

311. Randall, E. J.,

Engineer Maintenance of Way, Union Railroad, Port Perry, Pa.

427. Ranno, F. W.,
Engineering Department, Union Pacific Railroad, Denver, Colo.

690. Ransom,. C. L. (Chairman, Water Service),

Resident Engineer, Chicago & Northwestern Railway, Omaha,
Neb.

230. Rawn, I. G.,

Vice-President, Illinois Central Railroad, Chicago, 111.

655. Ray, G. J. (Track),
Chief Engineer, Delaware, Lackawanna & Western Railroad,

Hoboken, N. J.

126. Raymer, A. R.,

Assistant Chief Engineer, Pittsburg & Lake Erie Railroad,

Pittsburg, Pa.

879. Raymond, W. G. (Track),
Dean, State University of Iowa, Iowa City, Iowa.

607. Redgrave, W. B.,

Division Engineer, Baltimore & Ohio Railroad, St. George,

Staten Island, N. Y.

639. Reichmann, A. F.,

Resident Engineer, American Bridge Company, Chicago, 111.



LIST OF MEMBERS. 1625

719. Reid, J. M.,

Chief Engineer Construction, National Railways of Mexico,
Mexico, Mex.

-j 1. Rhea, Frank (Signals and Interlocking),

General Electric Company, Schenectady, N. Y.

117. Richards, Jos. T. (Rail),

Chief Engineer Maintenance of Way, Pennsylvania Railroad,
Philadelphia, Pa.

630. RlCKERT, O.,

Superintendent, Baltimore & Ohio Railroad, Wheeling, W. Va.

910. Rickie, J. H.,

Assistant Engineer Ways and Works Department, Burma
Railways, Rangoon, Burma, India.

659. Rigby, Jason,
Director, South American Railways, London, England.

975. Ringer, Frank,
Principal Assistant Engineer, Missouri, Kansas' & Texas Rail-

way, Parsons, Kan.

713. Roberts, S. S. (Track),
Assistant Professor Railroad Engineering, University of Illi-

nois, Urbana, 111.

356. Robinson, A. A.,

900 Tyler Street, Topeka, Kan.

363. Robinson, A. F. (Iron and Steel Structures),

Bridge Engineer, Atchison, Topeka & Santa Fe Railway Sys-
tem, Chicago, 111.

988. Robinson, W. M.,
Roadmaster, Georgia Railroad, Augusta, Ga.

685. Rochester, R. K.,

Principal Assistant Engineer, Vandalia Line, St. Louis. Mo.

226. Rockwell, Samuel,
Chief Engineer, Lake Shore & Michigan Southern Railway,

Cleveland, Ohio.

4. Rodd, Thos.,

Chief Engineer, Pennsylvania Lines, Pittsburg, Pa.

265. Rodgers, J. G.,

Assistant to General Manager, Pennsylvania Railroad, Phila-
delphia, Pa.

222. ROHWER, H.,

Conulting Engineer, 1321 Wright Building, St. Louis, Mo.

413. Rose, L. S. (Chairman, Track),
Signal Engineer, Cleveland, Cincinnati, Chicago & St. Louis

Railway, Cincinnati, Ohio.

603. Ross, D. A.,

Pratt & Ross, Winnipeg, Manitoba, Can.

766. Ross, S. E.,

Assistant Division Engineer, Missouri Pacific Railway, Ches-
ter, 111.

633. Rossiter, L. P. (Water Service),

Division Engineer, Baltimore & Ohio Railroad, Pittsburg, Pa.



1626 LIST OF MEMBERS.

360 Rote, R. < '.. Jr.,

Principal Assistant Engineer, Lake Shore & Michigan South-
ern Railway, Cleveland, Ohio.

442. Rowe, S. M. (Wood Preservation),

Consulting Engineer, Monadnock Block, Chicago, 111.

1)55. Rowley, L. E.,

Division Engineer, Quabec, Montreal & Southern Railway.

Marysville, New Brunswick, Canada.

355. RUDD, A. H. (Director—Chairman, Signals and Interlocking),

Signal Engineer, Pennsylvania Railroad, Philadelphia, Pa.

529. Rust, A. F.,

Resident Engineer, Kansas City Southern Railway, Kansas
City. Mo.

S

706. Sabin, J. H.,

913 North Church Street, Rockford, 111.

266. Safford, H. R. (Chairman, Records and Accounts),

Chief Engineer Maintenance of Way, Illinois Central Railroad,

Chicago, 111.

377. Sands, G. L.,

Vice-President, Missouri & North Arkansas Railroad, St. Louis,

Mo.

138. Scarborough, F. W.,
Consulting Engineer, Richmond, Va.

520. Schall, F. E. (Masonry),
Bridge Engineer, Lehigh Valley Railroad, South Bethlehem, Pa.

765. Scheetz, F. B. (Wooden Bridges and Trestles),

Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo.

539. Schermerhorn, A. D. (Water Service),

Division Engineer, Union Pacific Railroad, Omaha, Neb.

143. SCHINDLER, A. D.,

General Manager, Northern Electric Railway, San Francisco,

Cal

308. Schneider, C. C. (Iron and Steel Structures),

Consulting Engineer, Pennsylvania Building, Philadelphia, Pa.

938. SCHUERMAN, \Y. H.,

Professor <>( Civil Engineering, Vanderbilt University, Nash-

ville, Tenn.

840. Schulz, W. F.,

Assistant Engineer, Missouri Pacific Railway, St. Louis, Mo.

819. Sciiwed, John F.,

Engineering Department, Lake Shore & Michigan Southern

Railway, Cleveland, Ohio.

7_>6. Schwitzer, J. E. (Economics of Railway Construction),

Assistant Chief Engineer. Canadian Pacific Railway, Winni-
peg. Manitoba, Can.

829. Scott, G. E.,

Consulting Engineer, Pittsburg, Pa.



LIST OF MEMBERS. 1627

921. Stun-

, Guy,
Engineer Maintenance of Way, Pennsylvania Lines, Northwesl

System, Toledo, Ohio.

700. Smut, W. B. (Signals and tnterlocking),
Assistant Director Maintenance and Operation, Harriman Lines,

Chicago, 111.

524. Scribner, G. H., Jr. (Masonry),
Contracting Engineer, 509 The Temple, Chicago, 111.

744. Seaman, H. B.,

Consulting Engineer, 154 Nassau Street, New York, N. Y.

93L Seddon, W. L. (Yards and Terminals),
Chief Engineer, Seaboard Air Line, Norfolk, Va.

525. Selby, O. E.,

Bridge Engineer, Cleveland, Cincinnati, Chicago & St. Louis
Railway, Cincinnati, Ohio.

722. Sellew, \V. H. (Records and Accounts),
Principal Assistant Engineer, Michigan Central Railroad, De-

troit, Mich.

Q->7 Senter, S. S.,

Division Engineer Maintenance of Way, Wheeling & Lake Erie
Railroad, Canton, Ohio.

386. Sesser, John C. (Roadway),
civil Engineer, Chicago. III.

95. Shaw, Louis,

Civil Engineer, Alturas, Cal.

880. Shillinger, John G.,

Engineer Maintenance of Way, Cleveland, Cincinnati, Chicago
& St. Louis Railway, Galion, Ohio.

521. Short, W. A. D.,

Cincinnati, Ohio.

523. Shurtleff, A. K. (Chairman, Economics of Railway Construction),
Office Engineer, Chicago, Rock Island & Pacific Railway, Chi-

cago, 111.

841. Simar, Frank E.,

Chief Engineer, Keweenaw Central Railroad, Laurium, Mich.

584. Si.mar, V. D. (Records and Accounts).
Acting Chief Engineer, Duluth, South Shore & Atlantic Rail-

way, Marquette, Mich.

697. Simmons, F. G.,

Engineer and Superintendent, Electric Light & Railway Com-
pany, Milwaukee, Wis.

516. Simmons, H. J.,

General Manager, El Paso & Southwestern System, El Paso,
Texas.

420. Simpson, R. H.,

Assistant Engineer, Public Service Commission, Columbus, Ohio.

85. Sims, C. S. (Yards and Terminals),
Vice-President and General Manager, Delaware & Hudson Com-

pany, Albany, N. Y.

788. Skinner, E. A.,

Assistant Engineer .Maintenance of Way, Missouri Pacific Rail-
way, St. Louis, Mo.



1628 LIST OF MEMBERS.

839. Slater, Jos. M.,

St. Louis, Mo.

21. Slifer, H. J. (Roadway),
General Manager, Panama Railroad, Colon, Panama.

914. Slocum, C. L.,

Assistant Engineer, Pennsylvania Tunnel & Terminal Railway,
New York, N Y.

961. Smart, V. I.,

Professor of Railway Engineering, McGill University, Montreal,
Canada.

922. Smith, C. E.,

Assistant Engineer. Missouri Pacific Railway, St. Louis, Mo.

964. Smith, C. H.,

Division Engineer, New York, Chicago & St. Louis Railroad,

Cleveland, Ohio.

867. Smith, E. V.,

Division Engineer, Baltimore & Ohio Railroad, Cleveland, Ohio.

526. Smith, F. A. (Track),
Civil Engineer, 388 North Rockwell Street, Chicago, 111.

966. Smith, J. E.,

Instructor of Civil Engineering, University of Illinois, Urbana,
111.

435. Smith, L. D. (Buildings),

Engineering Department, Southern Pacific Company, San Fran-
cisco, Cal.

695. Smith, W. A.,

Resident Engineer, Erie Railroad, Belfast, N. Y.

834. Smith, W. C,
Engineer Maintenance of Way, Northern Pacific Railway, St.

Paul, Minn.

965. Snell, J. E.,

Superintendent Buildings and Docks, Delaware, Lackawanna &
Western Railroad, Hoboken, N. J.

335- SNOW, J. P. (Director—Rail),
Chief Engineer, Boston & Maine Railroad, Boston, Mass.

720. Sparrow, W. W. K.,

619 New Nelson Building, Kansas City, Mo.

825. Spencer, C. H. (Yards and Terminals),
• Engineer, Washington Terminal Company, Washington, D. C.

657. Spielmann, J. A. (Roadway),
Engineer Maintenance of Way, Baltimore & Ohio Railroad,

Wheeling, W. Va.

752. Splitstone, C. H.,

9 Girard Avenue, East Orange, N. J.

684. Starbuck, R. D. (Ballast),

Assistant Chief Engineer, Michigan Central Railroad, Detroit,

Mich.

345. Steele, H. M.,
Civil Engineer, Ashevllle, N. C.



LIST OF MEMBERS. 1629

665. Steffens, W. F. (Wooden Bridges and Trestles),

Engineer of Bridges, Carolina, Cllnchfield & Ohio Railway,
Johnson City, Tenn.

S66. Stein, C. H. (Signs, Fences and Crossings—Yards and Ter-
minals),

Engineer Maintenance of Way, Central Railroad of New Jersey,
Jersey City, N. J.

054 STEINBECK, E. J. (Signs, Fences and Crossings),
Assistant Engineer, Illinois Central Railroad, Chicago, 111,

Steele, C. A.,

Division Engineer, Wheeling & Lake Erie Railroad, Canton,
Ohio.

699. Stengel, C. H. (Buildings),
Superintendent Coal Terminals, Virginian Railway, Sewell's

Point, Va.

935, Stern, I. F.,

Engineer of Bridges, Chicago & Northwestern Railway, Chi-
cago, 111.

970. Stevens, E. S.

Assistant Engineer, Baltimore .& Ohio Railroad, Pittsburg, Pa.

24. Stevens, F. S. (Chairman, Yards and Terminals),
Superintendent, Philadelphia & Reading Railway, Reading, Pa.

352. Stevens, Thos. S. (Signals and Interlocking),

Signal Engineer, Atchison, Topeka & Santa Fe Railway, Topeka,
Kan.

852. Stewart, A. F. (Ties),

Assistant Chief Engineer, MacKenzie-Mann Company, Toronto.
Can.

805. Stewart, R. D.,

General Superintendent and Chief Engineer, Laramie, Hahn's
Peak & Pacific Railroad, Laramie, Wyo.

472. Stimson, Earl (Wood Preservation),

Chief Engineer Maintenance of Way, Baltimore & Ohio South-
western Railroad, Cincinnati, Ohio.

533. Stimson, F. J. (Ballast),

Engineer Maintenance of Way, Grand Rapids & Indiana Rail-

way, Grand Rapids, Mich.

978. Stone, E. E.,

Chief Engineer, Boston & Albany Railroad, Boston, Mass.

74. Storey, W. B., Jr. (Uniform General Contract Forms),
Chief Engineer, Atchison, Topeka & Santa Pe Railway, Chi-

cago, 111.

748. Stout, H. M.,

604 Second Street N. W., Minneapolis, Minn.

496. Stuart, Francis Lee (Economics of Railway Construction),
Chief Engineer, Erie Railroad, New York, N. Y.

399. Stuart, J. C,
General Manager, Erie Railroad, New York, N. Y.

393. SUGIURA, SOZABURO,
Engineering Department, Imperial Government Railways,

Toklo, Japan,
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98. Sullivan, A. W.,
General Manager, Missouri Pacific Railway System, St. Louis,

Mo.

448. Sullivan, J. G. (Roadway),
Assistant Chief Engineer, Canadian Pacific Railway, Montreal,

Canada.

315. Swain, G. 1\,

Professor of Civil Engineering, Massachusetts Institute of

Technology, Boston, Mass.

962. Swallow, W. A.,

Division Engineer, Georgia & Klm-ida Railway, Douglas, Ga.

7_'<). Swartz, Albert (Yards and Terminals),
Division Engineer, Erie Railroad, Huntington, Ind.

917. SWINGLY, G. D.,

Division Engineer, Baltimore & < >liio Railroad, Connellsville, Pa.

786. Syme, George F.,

Assistant Engineer, Florida Easl Coasl Railway, Marathon, Fla.

T

622. Taiier, E. G.,

Chief Engineer, Spokane International Railway, Spokane. Wash.

i£9. Tait, Thos.,

Chairman, Victorian State Railways, Melbourne, Australia.

691. Talbot, A. N. (Masonry),
Professor of Municipal and Sanitary Engineering, University of

Illinois, Urbana, 111.

929. Talcott, G. R. (Wooden Bridges and Trestles),

Engineering Department, Baltimore & Ohio Railroad, Pittsburg,

Pa.

498. Talcott, H. R. (Electricity—Economics of Railway Construc-

tion),

Engineer of Surveys, Baltimore & Ohio Railroad, Baltimore, Md.

446. Tanabe, S.,

Professor of Civil Engineering, University of Kyote, Kyote,

Japan.

439. Taussig, J. E. (Signals and Interlocking),

Terminal Superintendent, Wabash Railroad, St. Louis, Mo.

426. Taylor, W. D.,

Chief Engineer, Chicago & Alton Railroad, Chicago, 111.

629. Temple, H. H. (Signals and Interlocking),

Superintendent, Baltimore & Ohio Railroad, New Castle, Pa.

490. Ten Eyck, P. G.,

Consulting Engineer, Homesavings Bank Building, Albany, N. Y,

730. Thayer, M. L.,

Division Engineer, Baltimore & Ohio Southwestern Railroad,

Washington, Ind.

in. Thomas, J. W., Jr.,

President and General Manager, Nashville, Chattanooga & St.

Louis Railway, Nashville, Tenn.



LIST OF MEMBERS. 1631

821. THOMPSON, A. \Y (Director—Ties—Rail),
Chief Engineer Maintenance of Way, Baltimore & Ohio Rail-

road, Baltimore, Md.

969. THOMPSON, F. L. (Masonry),
Assistant Engineer Bridges, Illinois Central Railroad, Chicago,

111.

290. Thompson, W. S.,

Assistant Engineer, Pennsylvania Railroad, Sunbury, Pa.

ix>.;. T11 ion, B. E.,

Engineer Maintenance of Way, Rochester Railway Lines', Roch-
ester, n. y.

742. Tinker, G. H. (Masonry),
Bridge Engineer, New York, Chicago & St. Louis Railroad,

Cleveland, Ohio.

O4I. TK Al'N'Kl I , W.j
Division Engineer. Baltimore & Ohio Railroad, Baltimore, Md.

215. Tratman, E. E. R. (Yards and Terminals),
Resident Editor, Engineering News, Chicago, 111.

895. Trench, W. I.,

Division Engineer, Baltimore & Ohio Southwestern Railroad,
Chillicothe, Ohio.

67. Trimble, Robert (Rail),

Chief Engineer Maintenance of Way, Northwest System, Penn-
sylvania Lines, Pittsburg, Pa.

359. Turk, J. E. (Records and Accounts),
Superintendent, Philadelphia & Reading Railway, Tamaqua, Pa.

477. Turneaure, F. E. (Iron and Steel Structures),

Dean, College of Engineering, University of Wisconsin, Madi-
son, Wis.

379. Tuthill, Job (Masonry),
Engineer Bridges and Buildings, Pere Marquette Railroad, De-

troit, Mich.

112. Tweedy, R. B.,

Civil Engineer, Tomahawk, Wis.

364. Tye, W. F. (Uniform General Contract Forms),
Civil Engineer, Montreal, Can.

U
155. Underwood, F. D.,

President, Erie Railroad, New York, N. Y.

V
6co. Van Houten, R. A. (Track),

Division Engineer, Lehigh Valley Railroad, Easton, Pa.

195. Van Veeck, W. G.,

Vice-President and Manager (Sunset Central Lines), Texas (<i

New Orleans Railroad, and Galveston, Harrisburg t<r San
Antonio Railway, Houston Tex.

103. Vaughan, G. W.,
Engineer Maintenance of Way, New York Central & Hudson

River Railroad, New York, N. Y.
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573. Von Schrenk, Hermann, Dr. (Ties—Wood Preservation),

Supervisor of Timber Preservation, Chicago, Rock Island &
Pacific, Chicago & Eastern Illinois and St. Louis & San
Francisco Railways, St. Louis, Mo.

W
924. Waddell, J. A. L.,

Consulting Engine* r, Missouri Pacific, .Minneapolis & St. Louis,

and Kansas City Southern Railways, Kansas City, Mo.

712. Wadsworth, Geo. R.,

Consulting Engineer, 19 Congress Street, Boston, Mass.

767. Wadsworth, J. E.,

Resident Engineer, American Bridge Company, New York, N. T.

522. Waite, H. M.,
Superintendent, Seaboard Air Line, Birmingham, Ala.

753- Walker, F. B.,

Resident Engineer, Great Northern Railway, St. Paul, Minn.

396. Walker, G. M., Jr. (Ballast),

Roadmaster, Atchison, Topeka & Santa Fe Railway, Vaughn,
N. M.

122. Walker, I. O.,

Assistant Engineer, Nashville, Chattanooga & St. Louis Rail-

way, Paducah, Ky.

57. Wallace, H. U.,

General Manager, Chicago, Lake Shore & South Bend Railway,

Michigan City, Ind.

76. Wallace, J. H.,

Assistant Chief Engineer, Southern Pacific Company, San Fran-

cisco, Cal.

540. Wallace, W. A.,

Division Engineer, Chicago, Indianapolis & Louisville Railway,

Chicago, 111.

932. Wali.ING, V. R.,

Superintendent, Cananea Consolidated Copper Company's Rail-

way, Cananea, Sonora, Mexico.

632. Ware, John,
Assistant Engineer, Boston Elevated Railroad, Cambridge, Mass.

487. Warrington, H. W.,
Grand Forks, B. C.

188. Washington, L. A.,

City Engineer, Paducah, Ky.

476. Waterman, H. S.,

Chief Engineer, Detroit & Mackinac Railway, East Tawas,
Mich.

354. Watson, Thomas,
Resident Engineer, Western Railways of Australia, Coolgardie,

West Australia.

421. Weatherly, E. P.,

Resident Engineer, Chicago, Burlington & Quincy Railroad, St.

Joseph, Mo.
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507. Webb, G. 11. (Tics).

Chief Engineer, Michigan Central Railroad, Detroit, Mich.

Were, Walter Loring (Economics of Railway Construction),
Consulting Knginoer, Land Title Building, Philadelphia, Pa.

306. Webster, Wm, R.,

Consulting and Inspecting Engineer. Ill Walnut Street, Phila-
delphia, Pa.

514. Wells, L. W.,
Chief Engineer, Texas Midland Railroad, Terrell, Texas.

127. WENDT, EDWIN F. (Director—Signals and Interlocking),

Assistant Engineer, Pittsburg & Lake Erie Railroad, Pitts-

burg, Pa.

702. Wentworth., C. C. (Wooden Bridges and Trestles),

Principal Assistant Engineer, Norfolk & Western Railway,
Roanoke, Va.

528 West, O. J.,

Resident Engineer, Phoenix Bridge Company, Chicago, 111.

968. Westcott, C. R.,

Superintendent, Illinois Central Railroad, Clinton, 111.

590. Weston, C. .V.,

President, South Side Elevated Railroad, Chicago, 111.

832. Weston, George,
Board of Supervising Engineers, Chicago Traction, Chicago, 111.

904. Wheatox, F. L.,

Engineer Construction, Delaware, Lackawanna & Western Rail-

road, Hoboken, N. J.

69. Wheaton, L. H.,

Engineer Maintenance of Way, Halifax & Southwestern Rail-
way, Bridgewater, N. S.

872. Wheeler, W. D. (Track),

Consulting and Contracting Engineer, Minneapolis, Minn.

22S. White, H. F.,

Civil Engineer, 5021 Washington Avenue, Chicago, 111.

66. White, I. F.,

Division Engineer, Cincinnati, Hamilton & Dayton Railway,
Dayton, Ohio.

564. Wickhorst, M. H. (Water Service),

Engineer of Tests, Chicago, Burlington & Quincy Railroad,

Aurora, 111.

903. Wicksteed, H. K.,

Chief Engineer, Canadian Northern Quebec Railway, Toronto,
Can.

782. WlGGIN, E. W.,
New Haven, Conn.

911. Wiggins, W. D.,

Engineer Maintenance of Way, Pennsylvania Lines, Pittsburg,

Pa.

799. Wilcox, G. G.,

Assistant Engineer Maintenance of Way, Great Northern Rail-

way, St. Paul, Minn.
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874. WlLGUS, II. S. (Ties),
Engineer Maintenance of Way, Pittsburg, Shawmut & Northern

Railroad, Angelica, N. Y.

185. Wacus, W. J..

Consulting Engineer, L66 Broadway, New York, N. v

854. Wilkinson, J. YY.,

. eland, 1 >hio.

104. WlLLARD, D.,

Second Vice-President, Chicago, Burlington & Quincy Railroad,
Chicago, ill.

271. Williams, H. R.,

President, Chicago, Milwaukee & Pugel Sound Railv
Wash.

680, Williams, S. X. | Ballast),
Profess. i- of Civil Engineering, Cornell College, Mt. Vernon,

Iowa.

32. Williams, W. I). (Chairman, Signs, Fences and Crossings),
Chief Engineer, Cincinnati Northern Railroad, Van Wert.

783. Willis, R. W. (Records and Accounts),
Engineer, Missouri District, Chicago, Burlington & Quincy Rail-

road, St. Louis, Mo.

610. Willoughby, J. E. (Roadway),
Engineer of Construction, Louisville & Nashville Railroad,

Louisville, Ky.

811. Wilson, A. O.,

Division Engineer, Seaboard Air Line, Richmond, Va.

9. Wilson, C. A. (Uniform General Contract Forms),
Chief Engineer, Cincinnati, Hamilton & Dayton Railway, Cin-

cinnati, Ohio.

270. Wilson, J. T.,

Assistant Engineer, Baltimore & Ohio Railroad, Baltimore, Md.

806. Wiltsee, W. P. (Records and Accounts),
Assistant Engineer, Norfolk & Western Railway, Roanoke, Va.

474. WlRTH, A. A. (Track),
Engineer Maintenance of Way, Pennsylvania Lines, Pitts-

burg, Pa.

<>45. Wishart, J. (i..

Engineering Department, Chicago, Rock island & Pacific Kail
way, Chicago, ill.

555. Wood, K. A.,

Resident Engineer, Mobile & Ohio Railroad, Mobile. Ala

619. Woodle, A. S., Jr.,

Baldwin Locomotive Works, Philadelphia, Pa

848. Woods, A. A.,

Resident Engineer, Alabama & Vicksburg and Vicksburg,
Shreveport & Pacific Railways, Vicksburg, Miss.

278. Woods, H. A.,

Assistant Chief Engineer, Grand Trunk Pacific Railway, Mon-
treal, Can.

1 01. Woodward, E. K.,

Consulting Engine r, Penobscot Building, Detroit, Mi<

292 Woodward, Roi \m>.

Consulting Engineer, Jacksonville, Fla.
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814. W'OOLLEY, B. C,
Civil Engineer, Sioux City, Iowa.

395. Worcester, J. R. (Iron and Steel Structures),

Consulting Engineer, 79 Milk Street, Boston, Mass.

704. WORTHINGTON, B. A.,

Receiver, Wheeling & Lake Erie Railroad, Cleveland, Ohio.

412. Wright, J. T.,

Vice-President and General Manager, Macon, Dublin & Savan-
nah Railroad, Macon, Ga.

Y

456. Yamaguchi, Junnosuke,
Maintenance of Way Department, Imperial Government Rail-

ways, Tokio, Japan.
998. Yoder, Charles

j

Assistant Engineer Maintenance of Way, Lake Shore & Michi-
gan Southern Railway, Cleveland, Ohio.

595. Young, R. C. (Roadway),
Chief Engineer, Lake Superior & Ishpeming, Munising, and Mar-

quette & Southeastern Railways, Marquette, Mich.

Z

20/. ZlESING, A.,

President, American Bridge Company, Chicago, 111.

470. ZlNCK, K. J. C. (Signs, Fences and Crossings),
Assistant Engineer, Grand Trunk Pacific Railway, Winnipeg,

Manitoba, Can.

614. ZlNN, A. S.,

Resident Engineer, Isthmian Canal Commission, Empire, Canal
Zone, Panama.

ASSOCIATE MEMBERS.

A-13. Baker, N. E.,

Signal Engineer, Illinois Central Railroad, Chicago, 111.

A-9. Breithaupt, W. H.,

Consulting Engineer, 82 King Street East, Toronto, Canada.

A-12. Christian, W. A.,

Assistant Chief Engineer, Chicago Great Western Railway, St.

Paul, Minn.

A-22. Ci-ixe, McGarvey,
Assistant Forester, United States Forest Service, Washington,

D. C.

A-17. Fulks, E. \\.,

American Creosoting Company, Chicago, 111.

A-24. Hall, W. L.,

In Charge of Branch of Pfbducts, Forest Service, United States

Depart^menl of Agriculture, Washington, T). C.

A-7. Hallsted, James C,
Consulting Engineer, The Rookery, Chicago, 111.

A-26. Hekvey, C. L.,

Consulting ami Contracting Engineer, Hank of Ottawa Build-

in i. Montreal, < 'an.
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A r8. Johnson, A. L.,

Civil Engineer, 51 Rue de Faubourg Foissoniere, Paris, France.

A-23. Kimball, G. H.,

Consulting Engineer, Union Trust Building, Detroit, Mich.

\ 6, Kuckuck, E. B. B.,

civil Engineer, Sluttgarterplatz 19, Charlottenburg, Germany.

A-15. Liggett, Thomas, Jr.,

Chief Engineer, Western Allegheny Railroad, New Castle, Pa.

A- 16. Rice, L. M.,
President, L. M. Rice & Company, Seattle, Wash.

A-8. Richardson, F. H.,

Chief Engineer, San Francisco, Idaho & Montana Railway,
Caldwell, Idaho.

A-2. Ritter, Louis E.,

Consulting Engineer, Marquette Building, Chicago, 111.

A-4. Sanderson, E. N.,

Electrical Engineer and Contractor, 52 Williams Street, New
York, N. Y.

A-19. SllEAFFER, F. B.,

*. Chief Engineer, Homestead Steel Works, Munhall, Pa.

A-io. Shearwood, F. P.,

Assistant Engineer, Dominion Bridge Company, Montreal, Can.

A-25. Smith, M. A.,

Consulting Engineer, Smith & Davis, Engineers, Havana, Cuba.

A-3. Sperry, H. M.,

Resident Manager, General Railway Signal Company, New
York, N. Y.

A-2 1. Weiss, H. F. (Wood Preservation),
Chief, Section of Research, United States Forest Service, De-

partment of Agriculture, Washington, D. C.

A-20. W'ilson, P. H. (Wooden Bridges and Trestles),
Civil Engineer, Devon, Pa.

A -14. Wolfel, Paul L.,

Chief Engineer, McClintlc-Marshall Construction Company,
Rankin, Pa.



MEMBERSHIPAND MILEAGE OF RAILWAYS REPRESENTED
IN THE AMERICAN RAILWAY ENGINEERING AND

MAINTENANCE OF WAY ASSOCIATION.

Name of Road and Membership. Members. Mileage.

Argentine Republic Railways 2 6,654

Jason Rigby, Chairman and Director, London, Eng-
land.

G. F. T. Dominico, Inspector-General, Buenos Ayres,
Argentine, S. A.

Assam-Bengal Railway 1 775
G. H. Ormerod, Chief Engineer, Lumding, India.

Atchison, Topeka & Santa Fe Railway System 14 10,379

J. W. Kendrick, Second Vice-President, Chicago, 111.

W. B. Storey, Jr., Chief Engineer, System, Chicago.
C. F. W. Felt, Chief Engineer, Galveston, Texas.
C. A. Morse, Chief Engineer, Topeka, Kan.
H. C. Phillips, Chief Engineer, Los Angeles, Cal.

A. F. Robinson, Bridge Engineer, System, Chicago, 111.

E. O. Faulkner, .Manager Tie and Timber Department,
System, Topeka, Kan.

Thos. S. Stevens, Signal Engineer, System, Topeka,
Kan.

J. M. Meade, Engineer, Eastern Lines, Topeka, Kan.
F. M. Bisbee, Engineer, Western Lines, La Junta,

Colo.

Gilbert J. Bell, Division Engineer, Marceline, Mo.
G. M. Walker, Roadmaster, Vaughn, N. M.
Geo. C. Millett, Assistant Engineer, Los Angeles, Cal.

J. N. Macomb, Jr., Engineering Department, Chicago.

Atlanta, Birmingham & Atlantic Railway 1 621
Alex. Bonnyman, General Manager, Atlanta, Ga. •

Baltimore & Ohio Railroad 42 4,455
A. M. Kinsman, Chief Engineer, Baltimore, Md.
A. W. Thompson, Chief Engineer Maintenance of Way,
Baltimore, Md.

J. E. Greiner, Consulting Engineer, Baltimore, Md.
H. R. Talcott, Engineer of Surveys, Baltimore, Md.
M. A. Long, Architect, Baltimore, Md.
C. E. Bryan, Superintendent, Parkersburg, W. Va.
O. Rickert, Superintendent, Wheeling, W. Va.
H. H. Temple, Superintendent, New Castle, Pa.
W. S. Bouton, Engineer Bridges, Baltimore, Md.
Paul Didier, Principal Assistant Engineer, Pittsburg,

Pa.

1637
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Name of Road ami Membership. Members. Mileage:

Baltimore & Ohio Railroad—Continued.

S. \ Jordan, Engineer Maintenance of Way, Balti-

more. Md.
!:. G. Lane, Engineer Maintenance of Way, Pitts-

burg, Pa.

J. .\. Spielmann, Engineer Maintenance of Way,
Wheeling, W. Va.

P. P. Patenall, Signal Engineer, Baltimore, Md.
J. II. Milburn, Chiel Draftsman, Baltimore, Md.
W. < '. Barrett. Division Engineer, Grafton, W. Va.

P. J. Bachelder, Division Engineer, Wheeling, W. Va.
R. X. Begien, Division Engineer, Philadelphia, Pa.

<;. I >. Brooke, Division Engineer, Baltimore, Md.
E. T. Brown, Division Engineer, Winchester, Va.

L. <;. Curtis, Division Engineer, Chicago, ill.

1 r. B. Dick, Division Engineer, Newark, Ohio.

B. B. Pithian, Division Engineer, Parkersburg, W. Va.
A. M. Punk, Division Engineer, New Castle, I'a.

J. B. Myers, Division Engineer, Cumberland, Md.
Phillip Petri, Division Engineer, Parkersburg, W. Va.

W. B. Redgrave, Division Engineer, St. George, S. 1..

N. V.

L. P. Rossiter, Division Engineer, Pittsburg, Pa.
E. V. Smith. Division Engineer, Cleveland. Ohio.

G. D. Swingly, Division Engineer, Connellsville, Pa.

F. B. Chalfant, Assistant Division Engineer, rhila-

delphia, Pa.

T. H. Brown, Assistant Engineer, Baltimore, Md.
A. H. Griffith. Assistant Engineer, Cumberland, Md.
L. C. James, Assistant Engineer. Wheeling. W. Va.

J. B. Jenkins. Assistant Engineer, Baltimore, Md.
H. A. Lane, Assistant Engineer. Baltimore, Md.
E. S. Stevens, Assistant Engineer, Pittsburg, Pa.

J. T. Wilson, Assistant Engineer, Baltimore. Md.

Geo. W. Andrews, Inspector of Maintenance, Balti-

more, Md.
A. G. Boughner. Engineering Department, Baltimore,

Md.
C. C. Cook, Engineering Department, Morgantown,
W. Va.

G. R. Taleott. Engineering Department. Pittsburg. Pa.

Baltimore & Ohio Southwestern Railroad 5

Earl Stimson, Chief Engineer Maintenance of Way,
Cincinnati, Ohio.

H. M. Church, Division Engineer. Cincinnati. Ohio.

M. L. Thayer. Division Engineer. Washington, Ind.

W. I. Trench, Division Engineer, Chillicothe, Ohio.

William Archer, Assistant Engineer, Cincinnati, Ohio.

Bangor & Aroostook Railroad 3 5*5

Moses Burpee, Chief Engineer, Houlton, Me.

P. C. Newbegin, Maintenance Engineer, Houlton, Me.

l). W. Burpee, Engineering Department, Houlton, Me.

Bessemer & Lake Erie Railn (ad 2 209

H. T. Porter, Chief Engineer, Greenville, Pa.

F. R. Layng, Engineer of Track, Greenville, Pa.
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Name of Road and Membership. Members. Mileage.

Bolivia Railway I 800

Rankin Johnson, General Manager, La Paz, Bolivia,

S. A.

a & Albany Railroad 2 392
E. E. Stone, Chief Engineer, Boston, Mass.

George Crocker, Civil Engineer, Real Estate Depart-
ment, Boston, Mass.

Boston & Maine Railroad 3 2,303

J. P. Snow, Chief Engineer, Boston, Mass.

B. W. Guppy, Bridge Engineer, Boston, Mass.

J. P. Canty, Supervisor Bridges and Buildings, Fitch-

burg, Mass.

Boston Elevated Railroad 1 16

John Ware, Assistant Engineer, Boston, Mass.

Buffalo & Susquehanna Railway 1 356
H. Herden, Chief Engineer, Galeton, Pa.

Burma Railways of India I L340
J. H. Riekie. Assistant Engineer Ways and Works
Department, Rangoon, Burma. India.

Canadian Northern Railway 5 3,143

W. H. Grant, Manager of Construction, Toronto, Can.
A. F. Stewart. Assistant Chief Engineer, Toronto, Can.
H. F. Forrest, District Engineer, Winnipeg, Man.
R. B. Pratt. Railway Architect, Winnipeg, Man.
W. T. Moodie, Assistant Engineer, Winnipeg, Man.

Canadian Northern Ontario Railway 1 306
D. O. Lewis, Engineer Maintenance of Way, Toronto,

Can.

Canadian Northern Quebec Railway 1 261

H. K. Wicksteed, Chief Engineer, Toronto, Can.

Canadian Pacific Railway 12 9,851

F. P. Gutelius, General Superintendent, North Bay,
Ont.

F. F. Busteed, General Superintendent, Vancouver,
B. C.

J. G. Sullivan, Assistant Chief Engineer, Montreal Can.
J. E. Schwitzer, Assistant Chief Engineer, Winnipeg,
Man.

P. Alex. Peterson, Consulting Engineer, Montreal, Can.
X. E. Brooks, Division Engineer, Calgary, Alberta,
Can.

C. B. Brown, Division Engineer^ Montreal, Can.
I

' E. Cartwi ight. Division Engineer, Vancouver, B. C.

Frank Lee, Division Engineer. Winnipeg, Can.
W. A. James. Division Engineer, Kenora, Can.
A. C. Dennis. Assistant Engineer, Montreal, Can.
J. W. Orrock, Chief Draftsman, Montreal, Can.

Cananea Consolidated Copper Company's Railway 1 30
V. R. Walling, Superintendent, Cananea, Sonora, Mex.
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Nam.' of Road and Membership. Members. Mileage.

Canton-Hankow Railway 2 1,000

John S. Goodell, Principal Assistant Engineer, Canton,
China.

1;. 1;. C. Harris, Division Engineer, Canton, China.

Carolina, CHnchfield & Ohio Railway 2 210

.M. .1. Caples, General Manager, Johnson City, Tenn.

W. P. Steffens, Engineer Bridges and Buildings, John-
son City, Tenn.

Central New England Railway 1 295

W. .1 Backes, Chief Engineer, Hartford, Conn.

Central Railway of Guatemala 1 143

D. B. Hodgsdon, General Manager, Guatemala City,

Guatemala, C. A.

Central Railroad of New Jersey 4 592

\v G. Besler, Vice-Presidenl and General Manager,
New York, N. Y.

Jos. O. Osgood, Chief Engineer, New York, N. Y.

C. 11. Stein, Engineer, Maintenance of Way, Jersey

City, N. J.

G. F. Morse, Assistant Engineer, New York, N. Y.

Central Vermont Railway 1 586

J. M. Morrison, Engineer and Superintendent Struc-

tures, St. Albans, Vt.

Chesapeake & Ohio Railway 2 1 .643

H. Pierce, Engineer of Construction, Richmond, Va.

C. W. Johns, Assistant Engineer, Hinton, W. Va.

Chicago & Alton Railway 1 M3 1

W. D. Taylor, Chief Engineer, Chicago. 111.

Chicago & Eastern Illinois Railroad 3 957
R. H. Howard, Engineer Maintenance of Way, Chi-

cago, 111.

R. S. Charles, Division Engineer, Salem, 111.

A. S. Markley, Master Carpenter, Danville, 111.

Chicago & Illinois Midland Railroad 1 25

Thomas Pettersen, Chief Engineer, Taylorville, 111.

Chicago & Illinois Western Railroad 1 17

0. P. Chamberlain, Chief Enginer, Chicago. 111.

Chicago & Northwestern Railway 7 9*687

W. A. Gardner, Vice-President, Chicago, 111.

R. II. Aishton, General Manager, Chicago, 111.

1. F. Stern, Engineer Bridges, Chicago, 111.

Geo. M. Davidson, Chemist and Engineer of Tests,

Chicago, 111.

J. A. Peabody, Signal Engineer, Chicago, 111.

IV II. P.ainbridge, Resident Engineer, Clinton, Iowa.

C. L. Ransom, Resident Engineer, Omaha, Neb.
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Name of Road and Membership. Members. Mileage.

Chicago & Western Indiana Railroad i 50
E. H. Lee, Chief Engineer, Chicago, 111.

Chicago, Burlington & Quincy Railroad 13 8,950

D. "Willard, Second Vice-President, Chicago, 111.

T. E. Calvert. Chief Engineer, Chicago, 111.

\Y. I.. Breckinridge, Engineer Maintenance of Way,
Chicago, HI.

K. T. narrow, Engineer Maintenance of Way, Lincoln,

Neb.
A. W, Newton, General Inspector Permanent Way and

Structures, Chicago, 111.

C. H. Cartlidge, Bridge Engineer, Chicago, 111.

L. J. Hotchkiss, Assistant Bridge Engineer, Chicago.
Geo. H. Bremner, Engineer, Illinois District, Chicago.
R. W. Willis, Engineer, Missouri District, St. Louis.

M 1 1. Wickhorst, Engineer of Tests, Aurora, 111.

F. M. Patterson, Assistant Engineer, Chicago, 111.

E. P. Weatherly, Resident Engineer, St. Joseph, Mo.
C. A. Davis, Engineering Department, Lincoln, Neb.

Chicago Great Wes.ern Railway 4 1,468

W. H. Chadbourn, Chief Engineer, St. Paul, Minn.
W. B. Causey, Superintendent, Chicago, 111.

\V. A. Christian, Assistant Chief Engineer, St. Paul,

Minn.
G. H. Herrold, Division Engineer, Chicago, 111.

Chicago, Indiana & Southern Railway 1 353
C. W. Hotchkiss, General Manager, Chicago, 111.

Chicago, Indianapolis fy Louisville Railway 2 578
A. S. Kent, Division Engineer, Chicago, 111.

W. A. Wallace, Division Engineer, Chicago, 111.

Chicago, Lake Shore & Eastern Railway 1 308
A. Moritzheimer, Chief Engineer, Joliet, 111.

Chicago, Lake Shore & South Bend Railway 1 71

H. U. Wallace, General Manager, Michigan City, Ind.

Chicago, Milwaukee & Puget Sound Railway 6 622
H. R. Williams, President, Seattle, Wash.
E. J. Pearson, Chief Engineer, Seattle, Wash.
W. E. Dauchy. District Engineer, Missoula, Mont.
C. H. Byers, Assistant Engineer, Seattle, Wash.
W. I. Bassett, Assistant Engineer, Spokane, Wash.
W. H. Davisson, Assistant Engineer, Missoula, Mont.

Chicago, Milwaukee & St. Paul Railway 3 7,286

C. P. Loweth, Engineer and Superintendent Bridges
and Buildings, Chicago, 111.

L. R. Clausen, Superintendent, Chicago, 111.

Edward Laas, Engineer Maintenance of Way, Chi-
cago, 111.

Chicago, Peoria & St. Louis Railway 1 235

J. P. Ramsey, President, St. Louis, Mo.
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Chicago, Rock [sland & Pacific Railway '-' 8.005

.1. B. Berry, Chief Engineer, Chicago, III.

II. s. Cable, General Superintendent, Central District,

l lavenport, la.

w 11. Petersen, Principal Assistant Engineer, Chi-

lli.

a K. Shurtleff, Office Engineer, Chicago, III.

Dr. Hermann Von Schrenk, Supervisor of Timber Pres-
ervation, hi. Louis, Mo.

Garrett Davis, Superintendent, Cedar Rapids, Iowa,

W. ii. Given, Superintendent, Des Moines, [ova.

J. M. Brown, District Engineer, Davenport, Iowa.

J. G. Bloom, District Engineer, Topeka, Kan.
John 1'. Beye, Locating Engineer, Chicago, 111.

1
'. M. LaBach, Assistant Office Engineer, Chicago. 111.

.1. G. Wishart, Engineering Department, Chicago, 111.

Chicago, St. Paul. Minneapolis & Omaha Railway 1 [,739

E. c. Blundell, General Roadmaster, Eau Claire, Wis.

Chicago Southern Railway -' 114

E. II. Pfafflin, Chief Engineer, Chicago, ill.

P. R. Puder, Assistant Engineer, Chicago, 111.

Chicago Terminal Transfer Railroad 2 101

J. X. Faithorn, Receiver, Chicago, 111.

E. X. Layfiel'l. Chief Engineer. Chicago, 111.

Chicago Traction 1

George Weston, Board of Supervising Engineers, Chi-

cago, HI.

Chihuahua & Pacific Railway 1 178

If. i'. Ferris, liciifi-iii Manager, Chihuahua, Mexico.

Cincinnati & Muskingum Valley Railroad 1 149
Paul Jones, Superintendent, Zanesville, Ohio.

Cincinnati. Hamilton & Dayton Railway 4 1.0,^6

('. A. Wilson, Chief Engineer, Cincinnati. Ohio.

I. F. White. Division Engineer, Dayton, Ohio.

M. V. llvnes, Division Engineer, Indianapolis, Ind.

If. F. Passell, Division Engineer, Chillicothe, Ohio.

Cincinnati Northern Railroad 1 236

W. I >. Williams, Chief Engineer, Van Wert, Ohio.

Cleveland, Cincinnati, Chicago & St. Louis Railway 11 2,334
<

'. a. Paquette, Assistant chief Engineer, Cincinnati,
ohio.

( ). F. Selby, Bridge Engineer, Cincinnati, Ohio.

Hadley Baldwin, Superintendent, Mattoon, HI.

L. s. Rose, Signal Engineer, Cincinnati, Ohio.

Robert Ferriday, Engineer Maintenance of Way. [ndi-

anapolis, Ind.

Paul Hamilton, Engineer Maintenance of Way,
Springfield, ohio.
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Cleveland, Cincinnati, Chicago & Si. Louis Railway— Continued.

C. S. Millard. Engineer Maintenance of Way, Indian-

apolis, liul.

A. S. More, Engineer Maintenance of Way, Wabash,
Ind.

s Joseph Mullen, Engineer Maintenance of Way, Mt.
Carmel, 111.

John G. Shillinger, Engineer Maintenance of Way,
Galion, i >hio.

C. W. Cochran, Assistant Engineer, Galion, Ohio.
Colorado & Southern Railway i 1.079

II. W, Cowan, Chief Engineer, Denver, Colo.

Delaware. Lackawanna & Western Railroad 4 957
<;. J. Kay, Chief Engineer, Hoboken, N. J.

A. J. Neafle, Principal Assistant Engineer. Hoboken,
X. J.

J. E. Snell, Superintendent Buildings and Docks, Ho-
boken, X. J. •

E. I. Cantine, Division Engineer, Hoboken, X. J.

Delaware & Hudson Company 2 782
C. S. Sims, Vice-President and General Manager,
Albany, X. V.

G. H. Burgess, Chief Engineer, Albany. X. Y.

Detroit & .Mackinac Railway I 263
H. S. Waterman, Chief Engineer, East Tawas, Mich.

Detroit River Tunnel Company 4

W. S. Kinnear, Chief Engineer, Detroit, Mich.
B. Douglas, Tunnel Engineer, Detroit, Mich.
A. C. Everham, Assistant Tunnel Engineer, Detroit,

Mich.
J. C. Mock, Electrical Engineer, Detroit, Mich.

Duluth & Iron Range Railroad 1 169

W. A. Clark, Chief Engineer, Duluth, Minn.

Duluth, Missabe & Northern Railway 2 275
W. A. McGonagle, President, Duluth, Minn.
W. H. Hoyt, Assistant Chief Engineer, Duluth, Minn.

Duluth. South Shore & Atlantic Railway 1 595
A'. D. Simar, Acting Chief Engineer, Marquette, Mich.

Electric Light & Railway Company 1

F. G. Simmons, Engineer and Superintendent, Milwau-
kee, Wis.

Elgin. Joliet & Eastern Railway 1 199
A. Montzheimer, Chief Engineer, Joliet, 111.

El Paso & Southwestern Railway System 2 808

H. J. Simmons. General Manager, El Paso, Texas.
J. L. Campbell, Engineer Maintenance of Way, 101

Paso, Texas.
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Erie Railroad 24 2,383
F. D. Underwood, President. New Fork, N. Y.
W. J. Harahan, Assistant to President, New Fork.
.1. C, stuait. General Manager, Now York, N. T.
Francis Lee Stuart, Chief Engineer, New York, N v.

C. 11. Moore, Engineer Grade Crossings, Now York. s
.1. B. Dickson, Superintendent, Rochester, N. Y.
I:. S. Parsons, Superintendent. Hornell, N. Y.
James Burke, Engineer Maintenance of Way, Cleve-

land, Ohio.
H. C. Dandon, Division Engineer, Hornell. N. Y.
Albert Swartz, Division Engineer. Huntington, Ind.

C K. Conard, Assistant Engineer, Middletown, N. Y.
W. M. Dawley, Assistant Engineer, New York, N. Y.
W. W. Drinker, Assistant Engineer, New York. N. Y.
R. C. Falconer, Assistant Engineer, New York, N. Y.
Li. E. Lannan, Assistant Engineer, McKeesport. Pa.
Richard Mather, Assistant Engineer, Cuba, N. Y.
C. H. Mlesse, Assistant Engineer, Cuba, N. Y.
L. D. Crear, l'< si [enl Engineer, Hornell," N. Y.
R. P.. Carver, Resident Engineer, New York, N. Y.
A. D. P. Janney, Resident Engineer, Portageville, N. Y.
J. T. Libbey, Resident Engineer, Corry, Pa.
A. G. Norton, Resident Engineer, Otisville, N. Y.
W. A. Smith. Resident Engineer. Pelfast. N. Y.
C. H. Splitstone, Resident Engineer. East Orange,
N. J.

Esquimalt & Nanaimo Railway 1 80
Joseph Hunter, General Superintendent, Victoria, B. C.

Florida East Coast Railway 1 586
Geo. F. Syme, Assistant Engineer, Marathon, Fla.

Fonda, Johnstown & Gloversville Railroad r 86
F. A. Bagg, Engineer, Gloversville, N. Y.

Fort Smith & Western Railroad 1 217
B. F. Bookman, Superintendent, Fort Smith, Ark.

Fort Worth & Denver City Railway 1 454
G. F. Cotter, General Superintendent, Ft. Worth, Tex.

Georgia & Florida Railway 3 265
G. M. Jones, Assistant Chief Engineer, Vidalia, Ga.
W. A. Swallow, Division Engineer. Douglas, Ga.
M. O. Bellingrodt, Assistant Engineer, Douglas, Ga.

Georgia Railroad 1 303
W. M. Robinson, Roadmaster. Augusta, Ga.

Gila Valley, Globe & Northern Railway I 125
C. C. Mallard, Superintendent. Globe, Ariz.

Government Railways of Victoria I

Thomas Talt, Chairman, Melbourne, Australia.
3,319
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Government Railways of Australia I 2,361
Thomas Watson, Resident Engineer, Coolgardie,
W. Australia.

Grand Rapids & Indiana Railway 1 590
F. J. Stimson, Engineer Maintenance of Way, Grand

Rapids, Mich

Grand Trunk Pacific Railway 2 3,880
II. A. Woods, Assistant Chief Engineer, Montreal, Can.
K. J. C. Zinck, Assistant Engineer, Winnipeg, Man.

Grand Trunk Railway System 8 4,645

E. II. Fitzhugh, Third Vice-President, Montreal, Can.
Howard G. Kelley, Chief Engineer, Montreal, Can.
William McNab, Principal Assistant Engineer, Mon-

treal, Can.
M. S. Blaiklock, Engineer Maintenance of Way, Mon-

treal, Can.
J. R. W. Ambrose, Assistant Engineer, Montreal, Can.
1,. X. I'M wards, Assistant Engineer, Montreal, Can.
Robert Armour, Assistant Engineer, Montreal, Can.
A. S. Going, Locating Engineer, Montreal, Can.

Great Northern Railway System 7 6,866

J. C. Patterson, Assistant Chief Engineer, St. Paul,
Minn.

Geo. A. Casseday, Bridge Engineer, St. Paul, Minn.
J. R. W. Davis, Engineer Maintenance of Way, St.

Paul, Minn.
Chas. A. Dunham, 'Signal Engineer, St. Paul, Minn.
O L. Holman, Assistant Engineer Maintenance of

Way, Willmar, Minn.
G. G. Wilcox, Assistant Engineer, St. Paul, Minn.
P. B. Walker, Resident Engineer, St. Paul, Minn.

Guantanamo Railway 1 48
Richard Brooks, General Manager and Chief Engineer,
Guantanamo, Cuba.

Halifax & Southwestern Railway 1 371
L. H. Wheaton, Engineer Maintenance of Way,
Bridgewater, N. S.

Harriman Lines 3 16,858

J. Kruttschnitt, Director of Maintenance and Opera-
tion, Chicago, 111.

W. B. Scott, Assistant Director of Maintenance and
Operation, Chicago, 111.

John D. Isaacs, Consulting Engineer, Chicago, 111.

Hocking Valley Railroad 2 338
Wm. Michel, Engineer Maintenance of Way, Colum-

bus, Ohio.
J. E. Johnson, Division Engineer, Logan, Ohio.
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Illinum Central Railroad 21 8,012

I. G. Rawn, Vice President, Chicago, III.

L. C. Fritch, Consulting Engineer, Chicago, 111.

a. s. Baldwin, Chief Engineer, Chicago, 111.

II. R. Safford, Chiel Engineer Maintenance of Way,
Chicago, 111.

l >. J. Brumley, Principal Assistant Engineer, Chicago.

I.. A. Downs, Assistant to Chief Engineer Maintenance
of Way, Chicago, 111.

K. L. Thompson, Assistant Engineer Bridges, Chicago.

O. M. Dunn. Superintendent, New Orleans, La.

J. J. Gaven, Superintendent, Fulton, Ky.

C. R. Wescott, Superintendent, Clinton, 111.

K. 11. Bowser, Chief Timber Inspector, Memphis.
Term.

N. E. Baker, Signal Engineer, Chicago, 111.

A. E. ('lift. Superintendent, Carbondale, 111.

T. L. Dubbs, Superintendent, Corinth. Miss.

C. W. Pifer, Roadmaster, Clinton, 111.

A. F. Blaess, Roadmaster, Louisville, Ky.

J. M. Egan, Roadmaster, Fulton, Ky.
G. F. Arthur, Assistant Engineer, Fulton, Ky.
A. L. Davis. Assistant Engineer, Chicago, 111.

F. P.. Oren, Assistant Engineer, Fulton, 111.

E. J. Steinbeck, Assistant Engineer, Chicago, 111.

Illinois Southern Railway I 137

L. R. Moran, Engineer Ways and Structures, Sparta,

111.

Illinois Terminal Railroad 1 18

T. C. Moorshead, Chief Engineer, Alton. 111.

Illinois Traction System 1 400

L. B. Martin. Engineer .Maintenance of Way, Decatur,

111.

Illinois Tunnel Company 1 60

Win. J. C. Kenyon, General Manager, Chicago, 111.

Imperial Government Railways of Japan 8 4445
Ilyotaro Inagaki, Resident Engineer, Tokio, Japan.

Takuichi Ohmra, Engineer, Hokkaido Division, Sap-

poro, Japan.
Sozaburo Suglura, Engineering Department, Tokio,

Japan.
Seiichi Purukawa, Department Engineer, Tokio, Japan.

Daiske Nishi, Engineer, Tokio, Japan.

Tokichi Endo, Engineer, Chemulpo, Korea,

Junnosuke Yamaguehi, Tokio, Japan.

Hideo Kawae, Engineer, Shimbashi Division, Tokio,

Japan.

Intercolonial Railway I T -44

'

T. C. Burpee, Engineer Maintenance of Way, Monc-
ton, N. B.
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Jersey Shore & Antes Fort Railroad 1 5
C. B. McCullough, Genera] Manager, Jersey Shore, Pa.

Kanawha & West Virginia Railroad i 39
G. S. Plumley, Engineer Maintenance of Way, Charles-

ton. W. Va.

Kansas City. Mexico & Orient Railway 2 678
E. Dickinson. Vice-President and General Manager,
Kansas City, Mo.

W. W. Colpitts, Chief Engineer, Kansas City, Mo.

Kansas City Southern Railway 5 833

A. F. Rust, Resident Engineer, Kansas City, Mo.
J. A. Lahmer, Principal Assistant Engineer, Kansas

City, Mo.
O. P. Allee, Assistant Engineer, Siloam Springs, Ark.
R. H. Gaines, Assistant Engineer, Mansfield, La.
Walt Dennis. Office Engineer, Kansas City, Mo.

*Kansas City Terminal Railway 1

John V. Hanna, Chief Engineer, Kansas City, Mo.

Keweenaw Central Railway 1 41

Frank E. Simar, Chief Engineer, Laurium, Mich.

Lake Erie & Western Railroad 2 886
Wm. G. At wood, Chief Engineer, Indianapolis, Ind.

J. K. Conner, First Assistant Engineer, Indianapolis,
Ind.

Lake Shore & Michigan Southern Railway 11 1,508

Samuel Rockwell, Chief Engineer, Cleveland, Ohio.
G. C. Cleveland, Assistant Chief Engineer, Cleveland,

Ohio.
A. S. Ingalls, Assistant General Superintendent,

Cleveland, Ohio.
B. R. Leffler, Bridge Engineer, Cleveland, Ohio.
R. O. Rote, Jr., Principal Assistant Engineer, Cleve-

land, Ohio.

C. E. Denney, Signal Engineer, Cleveland, Ohio.
W. F. Goltra, Tie Agent, Cleveland, Ohio.
Willard Beahan, Assistant Engineer, Cleveland, Ohio.
Charles Yoder, Assistant Engineer, Cleveland, Ohio.
C. P. Howard, Engineering Department, Cleveland,

Ohio.
John F. Schwed, Engineering Department, Cleve-

land, Ohio.

Lake Superior & Ishpeming, Munising and Marquette &
Southeastern Railways 1 160
R. C. Young, Chief Engineer, Marquette, Mich.

Laramie, Hahns Peak & Pacific Railroad 1 40
R. D. Stewart, Superintendent and Chief Engineer,
Laramie, Wyo.

"Under construct ion.
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Lehigh Valley Railroad 7 1,446

E. B. Ashby, Chief Engineer, New York, N. Y.

F. E. Schall, Bridge Engineer, South Bethlehem, Pa.

G. L. Moore. Engineer Maintenance of Way, South
Bethlehem, Pa.

Frank W. Gilcreast, Division Engineer, Hazleton, Pa.
W M, Kennedy, Division Engineer, Wilkes-Barre, Pa.

R. A. Van Houten, Division Engineer, Easton, Pa.

E. F. Ackerman, Assistant Engineer, New York, N. Y.

Little Kanawha Railroad 1 3°

S. D. Brady, Chief Engineer, Parkersburg, W. Va.

Long Island Railroad System 2 392

C. L. Addison, Assistant to President, Long Island
City, N. Y.

J. B. Austin, Jr., Engineer Maintenance of Way, Ja-
ma ica, N. Y.

Louisiana & Arkansas Railway 1 231

F. W. Green, General Superintendent, Stamps, Ark.

Louisville & Nashville Railroad 8 4,365

R. Montfort, Consulting Engineer, Louisville, Ky.
W. H. Courtenay, Chief Engineer, Louisville, Ky.
J. E. Willoughby, Engineer of Construction, Louis-

ville, Ky.
Thomas Maney, General Roadmaster, Louisville, Ky.
J. C. Moore, Roadmaster, Paris, Tenn.
J. F. Burns, Roadmaster, Elizabethtown, Ky.
M. J. Henoch, Assistant Engineer, Louisville, Ky.
G. D. Hill, Assistant Engineer, Evansville, Ind.

Macon, Dublin & Savannah Railroad 2 93
J. T. Wright, Vice-President and General Manager,
Macon, Ga.

D. B. Dunn, Chief Engineer, Macon, Ga.

Maderia-Mamore Railway of Brazil 1

H. A. Gerst, Chief Draftsman, Manaos, Brazil, S. A.

*Madisonville, Hartford & Eastern Railroad 1

Geo. W. Feagin, Chief Engineer, Hartford, Ky.

Maine Central Railroad 1 925
G. F. Black, Engineer Maintenance of Way, Portland,

Me.

Melbourne & North River Railroad 1

B. B. Hill, Chief Engineer, Melbourne, Wash.

Memphis Terminal Railroad 1

C. D. Purdon, Chief Engineer, Memphis, Tenn.

*Under construction.
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Michigan Central Railroad 9 1,793

W. S. Kinnear, Assistant General Manager, Detroit,

Mich.
G. H. Webb, Chief Engineer, Detroit, Mich.
R D. Starbuck, Assistant Chief Engineer, Detroit,

Mich.
"W. H. Sellew, Principal Assistant Engineer, Detroit,

Mich.
TTans Ibsen. Bridge Engineer, Detroit, Mich.
T. H. Hickey, Roadmaster, St. Thomas, Ont.
(". C. Hill. Division Engineer, Niles, Mich.
E. R. Lewis, Division Engineer, Bay City, Mich.
C. N. Quigley, Assistant Engineer, Bay City, Mich.

Minneapolis, St. Paul & Sault Ste. Marie Railway 3 3,425

E. Pennington, President, Minneapolis, Minn.
IT. L. Laughlln, Engineer Maintenance of "Way, Min-
neapolis, Minn.

C. N. Kalk, Engineering Department, Minneapolis,
Minn.

Minneapolis & St. Louis and Iowa Central Railways 1 1,61c

R. G. Kenly, Chief Engineer, Minneapolis, Minn.

Missouri & North Arkansas Railroad 2 313
G. L. Sands, Vice-President, St. Louis, Mo.
W. S. Dawley, Chief Engineer, St. Louis, Mo.

Missouri, Kansas & Texas Railway 2 3,072
S. B. Fisher, Chief Engineer, St. Louis, Mo.
Frank Ringer, Principal Assistant Engineer, Parsons,
Kan.

Missouri Pacific Railway System 23 7,1^2

C. S. Clarke, Vice-President, St. Louis, Mo.
A. W. Sullivan, General Manager, St. Louis, Mo.
J. W. Higgins, Assistant General Manager, St. Louis.
M. L. Byers, Chief Engineer Maintenance of Way,

St. Louis, Mo.
Robert H. Ford, Principal Assistant Engineer, St.

Louis, Mo.
B. H. Mann, Signal Engineer, St. Louis, Mo.
John R. Leighty, Engineer Maintenance of Way, Kan-
sas City, Mo.

C. H. Miller, Engineer River Protection, Little Rock.
W. J. Burton, Division Engineer, St. Louis, Mo.
F. W. Bettle, Division Engineer, Pueblo, Colo.

A. F. Dorley, Division Engineer, Kansas City, Mo.
P. F. Gentlne, Division Engineer, Atchison, Kan.
E. E. Hanna, Division Engineer, DeSoto, Mo.
R. O. Morrison, Division Engineer, Monroe, La.
R. H. Martin, Assistant Engineer, St. Louis, Mo.
A. P. Morrison, Division Engineer, Sedalia, Mo.
A. C. Butterworth, Assistant Engineer, St. Louis, Mo.
W. C. Curd, Assistant Engineer, St. Louis, Mo.
H. E. Hale, Assistant Engineer, St. Louis, Mo.
F. B. Scheetz, Assistant Engineer, St. Louis, Mo.
W. F. Schulz, Assistant Engineer, St. Louis, Mo.
E. A. Skinner, Assistant Engineer, St. Louis, Mo.
C. E. Smith, Assistant Engineer, St. Louis, Mo.
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Mississippi River & Bonne Terre Railway i 59

C. 11. Fake, Chief Engineer, Bonne Terre, Mo.

Mobile & Ohio Railroad 1 926

B. A. Wood, Resident Engineer, Mobile, Ala.

Monongahela Railroad 1 58

I >. K. Orr, Engineer, Brownsville, Pa.

Montana Rapid Transil Company 1

G. A. Kenrick, Engineer, Helena, Mont.

Nashville, Chattanooga & St. Louis Railwaj 4 1.230

.1. W. Thomas, Jr., President and General Manager,
Nashville, Tenn.

Hunter McDonald, Chief Engineer, Nashville, Tenn.
G. D, Hicks, Superintendent, Tullahoma, Tenn.

I. O. Walker, Assistant Engineer, Paducah, Ky.

National Railways of Mexico 9 7,039

S. M. Felton, President, Mexican Central Railway,
Mexico, M> x.

J. M. Reicl, Chief Engineer Const nut inn, Mexico,
Mex.

Lewis Kingman. Assistant Chief Engineer, Mexico,

Mex.
Hans Bentele, Assistant Engineer, Mexico, Mex.
C. T. Norton, Superintendent, Cuernavaca, Moreios,

Mex.
J. A. Naugle, Superintendent, Puebla, Mex.
Chas. G. Delo, Engineer Maintenanci of Way, Mexico,

Mex.
L. W. Miller, Engineer Maintenance of Way. Mexico,

Mex.
D. D. Colvln, District Engineer, Guadalajara, Mex.

New Orleans Terminal Company 1 26

p. G. Jonah, Terminal Engineer, New Orleans, La.

New York, Ontario & Western Railway 1 546

C. E. Knickerbocker, Engineer Maintenance of Way,
Middletown, N. Y.

New York Central & Hudson River Railroad 13 3.780

fienrsc \V. Kitiredge, Chief Engineer, New STork, N. Y.

A. T. Hardin. Assistant General Manager, New York.

G. A. Harwood. Chief Engineer Electric Zone Improve-
ment. New Fork, N. Y.

Dr. P. H. Dudley. Rail Expert, New York. N. Y.

Charles J. Parker, Principal Assistant Engineer, New
STork, N, V.

G. W. Vaughan, Engineer Maintenance of Way. New
York. N. Y.

W. T, Dorrance, Designing Engineer, New York. N. Y.

W. H. Elliott, Signal Engineer, Albany, N. V.

H. S. Balllet, Signal Engineer. Electric Division, New
V.. rk. N. Y.

C. E. Lindsay, Division Engineer, Albany, N. Y,
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Now York Central & Hudson River Railroad—Continued.
A. B. Corthell, Assistant Executive, Grand Central

station Architects, New York, N. Y.

Homy I.rhn. Maintenance Of Way Accountant, New
Yoik. N. Y.

S. K. Coombs, Assistant Engineer, New York, N. Y.

New York. Chicago & St. Louis Railroad 8 523
A. YV. Johnston, Genera] Manager, Cleveland, Ohio.
E. E. Hart. Chief Engineer. Cleveland, Ohio.
A. J. Himes, Engineer Grade Elimination, Cleveland,

Ohio.

W. J. Bergen, Assistant to Chief Engineer, Cleveland,
Ohio.

G. H. Tinker, Bridge Engineer, Cleveland, Ohio.
YV". P. Boright, Division Engineer, Conneaut, Ohio.
C. H. Smith, Division Engineer. Cleveland, Ohio.
C. B. Hoyt, Superintendent Track Maintenance and

Construction, Bellevue, Ohio.

New York, New Haven & Hartford Railroad 2 2,004

E. H. McHenry, Vice-President, New Haven, Conn.
W. H. Moore, Bridge Engineer, New Haven, Conn.

New Zealand Government Railways 3 2,406

D. T. Mcintosh, District Engineer, Auckland, New
Zealand.

P. W. MacLean, Inspecting Engineer, Wellington, New
Zealand.

James Burnett, Inspecting Engineer, Wellington, New
Zealand.

Norfolk & Soufhern Railway 1 582
F. L. Nicholson, Chief Engineer, Norfolk, Va.

Norfolk & Western Railway 3 1,920

Chas. S. Churchill, Chief Engineer, Roanoke, Va.
C. C. Wentworth, Principal Assistant Engineer,
Roanoke, Va.

W. P. Wiltsee, Assistant Engineer, Roanoke, Va.

Northern Electric Railway 1

A. D. Schindler, General Manager, San Francisco, Cal.

Northern Pacific Railway 8 5,672

Howard Elliott, President, St. Paul, Minn.
W. I,. Darling. Chief Engineer, St. Paul, Minn.
W. C. Smith, Engineer Maintenance of Way. St. Paul,

Minn.
»'. A. Christofferson, Signal Engineer, St. Paul, Minn.
H. B. Merriam, Roadmaster, Drummond, Mont.
L. M. Perkins. Division Engineer, St. Paul, Minn.
I,. J. Mclntyre, Assistant Engineer. St. Paul, Minn.
F. W. Lownsbury, Resident Ergir.ctr, Cheney, Wash.

Oregon Railroad & Navigation Company 1 i,336

Fred Beagles, Assistant Engineer, Portland, Ore.
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Oregon Short Line 4 L456
Win. Ishton, Chief Engineer, Salt Lake City. Utah.

J. P. Congdon, Supervising Engineer, Pocatello, Idaho.

E. R. Houghton, Office Engineer, Salt Lake City,

Utah.

W. E. Duckering, Assistant Engineer, Pocatello, [daho.

Panama Railroad 2 50
II. J. Slifer, General Manau.r. <

•, .1. »i 1 . Panama.
Ralph Budd, Chief Engineer, Cristobal, Panama.

Pennsylvania Lines West of Pittsburg 11 2,765

Thomas Rodd, Chief Engineer. Pittsburg, Pa.

Thos. U. Johnson, Consulting Engineer, Pittsburg. Pa.
W. C. dishing. Chief Engineer Maintenance of Way,
Southwest System, Pittsburg, Pa.

Robert Trimble, Chief Engineer Maintenance of Way,
Northwest System, Pittsburg, Pa.

J. C. Bland, Engineer Bridges, Pittsburg, Pa.
E. G. Ericson, Principal Assistant Engineer, North-
west System. Pittsburg. Pa.

R. C. Barnard, Superintendent, Cincinnati. Ohio.

D. B. Johnston, Engineer Maintenance of Way, Louis-
ville, Ky.

Guy Scott, Engineer Maintenance of Way, Toledo,

Ohio.
A. A. Wirth, Engineer Maintenance of Way, Allegheny,

Pa.
W. D. Wiggins, Engineer Maintenance of Way, Pitts-

burg, Pa.

Pennsylvania Railroad 6 5.294
Jos. T. Richards, Chief Engineer Maintenance of Way,
Philadelphia, Pa.

J. G. Rodgers, Assistant to General Manager, Phila-

delphia, Pa.
Robert Bell, Superintendent, Buffalo, N. Y.
A. H. Rudd, Signal Engineer, Philadelphia, Pa.
C. C. Anthony, Assistant Signal Engineer, Philadel-

phia, Pa.
W. S. Thompson, Assistant Engineer, Sunbury, Pa.

Pennsylvania Tunnel & Terminal Railroad 3

R. D. Coombs, Structural Engineer, New York, N. Y.

Fred Lavis, Resident Engineer, Hoboken, N. J.

C. L. Slocum, Assistant Engineer, New York, N. Y.

Peoria & Pekin Union Railway I 18

W. E. Emery, Chief Engineer, Peoria, 111.

Pere Marquette Railroad 3 2,362
J. F. Deimling, Chief Engineer, Detroit, Mich.
Job Tuthill, Engineer Bridges and Buildings, Detroit,
Mich.

William Ogden, Assistant Division Engineer, Saginaw,
Mich.
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Philadelphia & Reading Railway 4 1,500
Win. Hunter, Chief Engineer, Philadelphia, Pa.
i\ S. Stevens, Superintendent, Reading, Pa.
J. E. Turk, Superintendent, Tamaqua, Pa.
C. 11. Ewing, Engineer Maintenance of Way, Reading,

Pa.

Philadelphia, Baltimore & Washington Railroad 1

Elisha Lee, Principal Assistant Engineer, Wilmington,
Del.

Philadelphia Elevated Railroad & Subway 1 25
("has. M. Mills, Principal Assistant Engineer, Phila-
delphia, Pa.

Philippine Islands Railways 2

W. B. Poland, Vice-President and Chief Engineer,
Manila, P. I.

L. F. Goodale, Supervising Engineer, Manila, P. I.

Pittsburg & Lake Erie Railroad 6 191

J. A. Atwood, Chief Engineer, Pittsburg, Pa.
A. R. Raymer, Assistant Chief Engineer, Pittsburg, Pa.
Edwin F. Wendt, Assistant Engineer, Pittsburg, Pa.
E. W. Boots, Assistant Engineer, Pittsburg, Pa.
R. M. Pearce, Resident Engineer, Pittsburg, Pa.
R. T. McMaster, Inspecting Engineer, Coraopolis, Pa.

Pittsburg, Shawmut & Northern Railroad 1 238
H. S. Wilgus, Engineer Maintenance of Way, Angelica,

N. Y.

Quebec, Montreal & Southern Railway.. 2 144

F. D. Anthony, Chief Engineer, Montreal, Can.
L. E. Rowley, Division Engineer, Marysville, N B.

Queen & Crescent Route 5 1,162

Horace Baker, General Manager, Cincinnati, Ohio.
Edward Ford, Assistant to President, New Orleans,

La.
Curtis Dougherty, Engineer Maintenance of Way, Cin-

cinnati, Ohio.

A. A. Woods, Resident Engineer, Vicksburg, Miss.

J. C. Haugh, Resident Engineer, New Orleans, La.

Quincy, Omaha & Kansas City Railroad 1 257
W. G. Brimson, Vice-President and General Manager,
Kansas City, Mo.

Rutland Railroad 1 415
J. C. Irwin, Chief Engineer, Rutland, Vt.

Rochester Railway Lines 1

B. E. Tilton, Engineer Maintenance of Way, Rochester,
N. Y.

St. Joseph & Grand Tsland Railway 1 320
W. A. Parker, Chief Engineer, St. Joseph, Mo.
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Nam.- of Road and Membership. Members. Mileage.

St. Louis & San Francisco Railroad - 4,740

M. c Byers, Chief Engineer, St Louis, Mo.

V k Hendricks, Assistant Engineer .Main:. nan.- .it'

Way. St. Louis, Mo.

San Diego, El Paso & St. Louis Railroad >

p. a. McCarthy, Chief Engineer, El Paso, Texas.

San Antonio & Aransas Pass Railway I 7- \

John S. Peter. Vice-President and General Mai

San Antonio. Texas.

*San Francisco, Idaho & Montana Railway I

F. H. Richardson, Chief Engineer, Caldwell, Idaho.

Santa Fe. Prescott & Phoenix Railway I 364

\Y. A. Drake, Vice-President and General Manager,

Preset t, Ariz.

San Pedro, Los Angeles & Salt Lake Railroad 3 1.099

E. M. Jessup, Engineer Maintenance of Way, Lo? An-
geles, Cal.

R. K. Brown. Engineer Maintenance of Way, Salt Lake
City, Dtah.

\V. K. Barnard, Assistant Engineer, Eos Angeles, Cal.

Seaboard Air Line 7 2.998

W. A. Garrett, President, Norfolk, Ya.
L. G. Haas. Receiver's Agent, Baltimore, Md.
W. E. Seddon, Chief Engineer. Norfolk, Ya.

H. M. Waite, Superintendent. Birmingham. Ala.

J. C. Nelson, Engineer Maintenance of Way, Norfolk.
Ya.

A. O. Wilson, Division Engineer, Richmond. Via.

Blair Hughes, Division Engineer. Hamlet, N. C.

Scoul-Fusan Railroad 1 638

J. Inagaki, Chief Engineer, Fusan, Korea.

Southern Indiana Railway 2 206

E. H. Pfafflin, Chief Engineer, Chicago, 111.

J. F. Cassell, Division Engineer, Terre Haute, Ind.

South Side Elevated Railroad 1 48
C. V. Weston. President, Chicago, 111.

Southern Pacific Company 7 6.477
Wm. Hood, Chief Engineer, San Francisco. Cal.

R. Koehler. Purchasing Agent. Portland, Ore.
J. H. Wallace, Assistant Chief Engineer, San Fran-

cisco, Cal.

Thos. Fitzgerald, Resident Engineer and Assistant
Superintendent, Ogden, Utah.

A. Q. Campbell, Assistant Engineer, Ogden. Utah.
B. P. Knowlton, Assistant Engineer, San Francisco,

Cal.

L. D. Smith, Engineering Department, San Francisco,
Cal.

Under construction.
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Name of Road and Membership. Members. Mileage.

Southern Railway Company 7 7,336
C H. Ackert, Vice-President, Washington, D. C.

D. W. Lum, Chief Engineer Maintenance of Way and
Structures, Washington, D. c.

W. F. H. Fink.'. Tie and Timber Agent, Washington,
D. C.

Edward Gray, Engineer. Maintenance of Way, St.

Louis, Mo.
T. H. Gatlin, Engineer Maintenance of Way, Knox-

ville, Tenn.
J. S. Lemond, Engineer Maintenance of Way, Char-

lotte, N. C.

W, J. Eik. Electrical Engineer, Washington, D. C.

Spokane International Railway 1 141

E. G. Taber, Chief Engineer, Spokane, Wash.

Susquehanna & New York Railroad 1 103

C. A. Derr, Engineer, Williamsport, Pa.

Sunset Central Lines 2 3,368
W. <:. Van Vleck, General Manager, Houston, Texas.
E. B. dishing, Engineer of Construction, Houston,
Texas.

Tehttantepec National Railway 1 208

John B. Body, Vice-President, Mexico, Mex.

Tennessee Central Railroad 1 326
Geo. A. Clark. General Manager, Nashville, Tenn.

Terminal Railroad Association 2 80

H. J. Pfeifer, Engineer Maintenance of Way, St. Louis,

Mo.
J. F. Peters, Assistant Engineer, St. Louis, Mo.

Texas Midland Railroad 1 125

L. W. Wells, Chief Engineer, Terrell, Texas.

Transcontinental Railway 5 1,810

Duncan MacPherson, Assistant Chief Engineer, Ot-
tawa, Can.

A. X. Molesworth, District Engineer, Ottawa, Can.
F. J. Mcintosh, Assistant District Engineer, St. Boni-
face, Manitoba, Can.

Gordon Grant, Inspecting Engineer, Ottawa, Can.
A. E. Doucet, District Engineer, Quebec, Can.

Transandine Railway of Chili 1 44
A. Hohagen, Resident Engineer, Los Andes, Chile,

S. A.

Uintah Railway 1 55
M. W. Cooley, General Manager, Mack, Colo.
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Name of Road and Membership. Members. Mileage.

Union Pacific Railroad 9 3.301

R. L. Huntley, Chief Engineer, Omaha, Neb.

N. F. Harriman, Chemist and Enyi r Tests, Omaha,
Neb.

A. D. Schermerhorn, Division Engineer, Omaha, Neb.

James Keys, Assistant Engineer, Omaha, Neb.

Jesse G. June. Assistant Engineer, Green River, Wyo.
C. C. Post, Jr., Assistant Engineer, Omaha, Neb.

F. W. Ranno, Assistant Engineer, Denver, Colo.

C. H. Gerber, Resident Engineer, Omaha, Neb.

Ole Davidson, Engineering Department, Omaha, Neb.

Union Railroad x 3

1

fe. J. Randall, Engineer .Maintenance of Way, Port

Perry, Pa.

Union Stock Yards & Railroad i 50

W. S. King, Chief Engineer, South Omaha, Neb,

Utah Light, Railway & Power Company i ioo

L. L. Dagron, Engineer, Salt Lake City, Utah.

Vandalia Line 3 830

F. T. Hatch, Chief Engineer, St. Louis, Mo.

R. K. Rochester, Principal Assistant Engineer, St.

Louis, Mo.
Maurice Coburn, Engineer Maintenance of Way, Terre

Haute, Ind.

Vera Cruz & Pacific Railroad 1 2G6

Walter A. Hill, Chief Engineer, Vera Cruz, Mexico.

Virginian Railway • ••: 4 444

H. Fernstrom, Chief Engineer, Norfolk, Va.

B. T. Elmore. Assistant Chief Engineer, Norfolk, Va.

C. H. Stengel, Superintendent Coal Terminals, Sewell's

Point, Va.
F. W. Hawks, Division Engineer, Slab Fork, W. Va.

Wabash Railroad System 3 2,515

F. A. Delano, President, Chicago, 111.

A. O. Cunningham, Chief Engineer, St. Louis, Mo.

J. E. Taussig, Terminal Engineer, St. Louis, Mo.

Washington Terminal Company 1

C. H. Spencer, Engineer, Washington, D. C.

Western Allegheny Railroad 1 50

Thomas Liggett, Jr., Chief Engineer, New Castle, Pa.

Western Pacific Railway 2 316

V. G. Bogue, Vice-President and Chief Engineer, San

Francisco, Cal.

A. W. Buel, Associate Bridge Engineer, New York,

N. Y.
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Name of Road and Membership. Members. Mileage.

Wheeling & Lake Erie Railroad 4 442

B. A. Worthington, Receiver, Cleveland, Ohio.
II. T. Douglas, Jr.. Chief Engineer, Cleveland, Ohio.
S. S. Senter, Division Engineer, Canton, Ohio.

C. A. Stelle, Division Engineer, Canton, Ohio.

Final mileage represented 267,067
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INDEX.
PART II.

Abutments with Wing Walls, monolithic construction in, 1314-1316.

Ackerman, E. F., discussion on Uniform General Contract Forms,

1304. 1305, 1306, 1307, 1308, 1309.

Agreement Form, 1177, 1178, 1179.

Allen, C. Frank, discussion

:

On Iron and Steel Structures, 1166.

On Uniform General Contract Forms, 1306.

Alvord, J. W., discussion on Waterways, 979, 980.

Arches, monolithic construction in, 1314-1316.

Atwood, J. A., discussion

:

On Roadway, 1100, 1101.

On Waterways, 980, 982.

B

Bainbridge, F. H., discussion on Slides and Washouts, 1023.

Baldwin, A. S., discussion on Uniform General Contract Forms, 1304.

Berry, J. B., discussion

:

On Roadway, 11 00, 1101.

On Slides and Washouts, 984, 985.

Beye, John C, discussion

:

On Slides and Washouts, 1025.

On Waterways, 984, 985.

Bremner, Geo. H., discussion

:

On Buildings, 1133.

On Roadway, 1097, 1098, 1100, 1101, 1102, 1103, 1104, 1105, 1106.

On Waterways, 980-984.

Bridges, maintenance of, 1146-1151.

Brimson, W. G.. discussion on Uniform General Contract Forms, 1308.

Brooke, G. D., discussion on Slides and Washouts, 1025-1027.

Budd, Ralph, discussion on Slides and Washouts, 1027, 1028.

Buildings, report on, 1107-1128; discussion, 1129-1140.

Burkli-Zeigler Waterway Formula, 1012.

Burpee, Moses, discussion on Slides and Washouts, 1029-1038.

Byers, M. L., discussion

:

On Buildings, 1132.

On Roadway, 1102, 1103, 1104.

On Uniform General Contract Forms, 1305, 1306.



INDEX.

Calvert, T. !•'... discussion on Waterways, 985, 986, 987.

Camp, W. Al.. discussion on Signs, Fences, Crossings and Cattle-

Guards, 913, 914.

Campbell, J. L., discussion pn Waterways. 0N7 ijSw.

Cartlidge, C. H., discussion

:

On Buildings, 1131, 1132.

On Iron and Steel Structures, 1165.

On Masonry, 1417, 1418, 1421, 1422.

Cartwright, C. E., discussion on Slides and Washouts, 1038, 1039.

Chamberlain, O. P., discussion:

On Buildings, 1129, 1132, 11 33, 1134, 1135, 1136, 1137, 1138,

1 139, 1 140.

On Masonry, 1421, 1424.

Chezy Waterway Formula, 980.

Churchill, Chas. S., discussion:

On Masonry, 1424.

On Roadway, 1098, 1101, 1 102, 1103.

On Signs, Fences, Crossings and Cattle-Guards, 914, 915.

( )n Slides and Washouts, 1039, 1040.

On Waterways, 989.

Coaling Stations, reinforced concrete for, 1109.

Coburn, Maurice, discussion

:

On Buildings, 1129, 1130, 1131, 1132.

On Roadway, 1103, 1104.

Committee Reports, general rules for the preparation, publication and

consideration of, 1564- 1567.

Organization of, 1579-1594.

Outline of work, 1569-1578.

Concrete Culverts, typical designs for plain and reinforced, 1 345-1414.

Fence Posts, 898-909.

Roundhouses, comparison of costs of reinforced, 11 12.

Condron, T. L., discussion on Masonry, 1417, 1420, 1423, 1426.

Constitution, 1557-1563.

Contract, components of a uniform, 1 169- 11 76.

Definition of, 1167.

Essential elements of a binding, 1168-1169.

Marginal headings, 1180-1184.

Forms used by various railroads, comparison of clauses, 1 185-1303.

Conventional Signs, 826-833.

Coombs, R. D., discussion :

On Buildings, 1134.

On Masonry, 1427, 1428.

On Roadway, 1105.

On Uniform General Contract Forms, 130S.

Courtenay, W. H., discussion on Masonry, 1428.

Culverts, plain and reinforced, typical designs for, 1345-1414.



INDEX. iii

Curd, W. C.j discussion:

On Slides and Washouts, 1040. 1041.

On Waterwaj s, 989 993.

Cushing, W, C, mi Stresses In Track Fastenings, 1431-1455.

On the Question of Screw Fastenings to Secure Rails to Tics,

1456-1548.

D

Davis, Garrett, discussion on Waterways, 994.

Dawley, W. M.. discussion 1 n Slides and Washouts, 1041-1045.

Dorrance, W. T., discussion on Buildings, 1133.

Douglas, B., discussion on Masonry, 141N.

Drainage 1 f Embankments and Excavation, 1094-1096.

Duane, W. M., discussion on Slides .and Washouts, 1045-1049.

Dufour, F. O., discussion on Uniform General Contract Forms, 1306.

Dun Drainage table, 977.

Embankments and Excavation, drainage of, 1094-1096.

Engine Houses, reinforced concre e for roofs of, 1109-1118.

Typical reinforced concrete. 1114, 11 15, 1 1 16, 11 17.

Ventilation and heating of, 1118-I124.

Estimate Forms, 865, 866.

Ewing, C. H.
:

discussion

:

On Records, Reports and Accounts, 871, 872.

On Roadway, 1 102.

On Signs, Fences, Crossings and Cattle-Guards, 912, 913, 914.

Fake, C. H.. discussion on Wa erways, 995, 996.

Fence Posts, concrete, 898-909.

Ferriday, Rolrert, discussion on Records, Reports and Accounts, 871.

Fisher, S. B., discussion

:

On Slides and Washouts, 1049- 1054.

On Waterways, 994. 995.

Flanger Pest, 892.

Flat Spots on Car Wheels, report on, 1150-1152; discussion, 1164-1166.

Forms, Uniform General Contract, 1 167-1303.

Estimate, 865, 866.

Fritch, L. C, discussion :

On Buildings, H3r, 1134, 1135. 1136, 1137, 1139.

( )n Iron and Steel StrucTires, 1 165.

I )n .Masonry, 1417, 1418.

On Signs, Fences, Crossings and Cattle-Guardr. 910, 913, 917.

On Uniform General Contract Forms, 1304, 1305.



iv INDEX.

G

Garrett, Richard M., discussion on Slides and Washouts, 1054-1060.

Construction of, 878-880.

Grade Crossings, laws relating to elimination of, 926-966.

Gray, Edward, discussion on Records, Reports and Accounts, 873.

Greiner, J. E., discussion

:

On Iron and Steel Structures, 1161, 1164, 1165.

On Masonry, 1422.

H
Hanna, John V., discussion on Waterways, 996, 997.

Henoch, M. J., discussion

:

On Records, Reports and Accounts, 871, 872.

On Roadway, 1104, 1105.

Howard, C. P., discussion:

On Masonry, 14 16.

On Records, Reports and Accounts, S72.

On Uniform General Contract Forms, 1309.

Humphrey, Richard 1... discussion on Masonry, j 4 1 7, 1418, 1419, 1420,

14-M, 1422, 1424. 1425, 1426, 1429, 1430.

1

Impact Tests, report on, 1143-1145; discussion, 1161-1164.

Iron and Steel Structures, report on, 1141-1160; discussion, 1161-1166.

J
Jenkins, J. B., discussion

:

On Records, Reports and Accounts, 870.

On Roadway, 1100, 1106.

On Waterways, 998.

Johnson, Thos. H., discussion on Waterways, 998, 999.

K
Kutter Waterway Formula, 981.

L

Lahmer, J. A., discussion on Waterways, 999, 1000.

Lavis, Fred, discussion :

On Masonry, 1420, 1421, [426.

On Uniform General Contract Forms, 1308.

Laws relating to elimination of grade crossings, 926-966.

Layfield, E. N., discussion on Buildings, 1137, 1140.

I.ehn, Henry, discussion on Records, Reports and Accounts, S72.

Leighty, John R., discussion on Waterways, 1000, 1001.

Lindsay, C. E., discussion on Records, Reports and Accounts. 871, 873.

Loweth, C. F., discussion

:

On Buildings, 1129, 1132, 1133, 1135, 1136, 1139.

On Masonry, 1416, 1420, 1423, 1425.

On Waterways, 1001-IO06.



INDEX. «

M

McDonald, Hunter, discission

:

On Buildings, 1139.

On Iron and Steel Structures, 1163, 1164.

On Masonry, 1426, 1428, 1420.

On Roadway, 1098, 1103.

On Signs, Fences, Crossings and Cattle-Guards, 912.

On Slides and Washouts, 1060, 1061.

McGonagle, W. A., discussi* n on Slides and Washouts, 1061, 1062.

McNab, William (see under "The President").

Manual of Recommended Practice, general rules for the publication of,

1568.

Masonry, report on, 1311-1414: discussion, 1415-1430.

Meade, J. M.. discussion on use of screw-spikes, 1540-

Members, list of, 1595-1636.

Mileage of Roads and Members, 1637-1657.

Miller, C. H., discussion on Roadway, 1100.

Montzheimcr, Arthur, discussion on Records, Reports and Accounts, 874.

Mountain, G. A., discussion on Signs, Fences, Crossings and Cattle-

Guards, 914.

Officers, past and present, 1 553-1556.

Oil Houses, at terminals, 1124-1128.

Typical, 1127.

Osgood, Jos. O., discussion

:

On Buildings, 1131, 1133.

On Masonry, 1 4 1 7, 1418, 1419. 1420, 1426, 1428.

On Uniform General Contract Forms, 1307.

On Waterways, 1001, 1007.

P

Paret, M. P.. discussion on Waterways, 1007-1010.

Patterson, F. M., discussion on Roadway, 1100.

Pence, W. D., discussion on Waterways, 1010-1014.

Petersen, W. H., discussion

:

On Masonry, 1415, 1416, 1417, 1422, 1423, 1429.

On Waterways, 1014, 1015.

Pilot Plow, 889.

Portland Cement Concrete, specifications for, 1338-1342.

Purdon, C. D., discussion on Iron and Steel Structures, 1164.

R

Ransom, C. L., discussion on Waterways, 1015, 1016.

Records, Reports and Accounts, report on, 825-869; discussion, 870-874.

Reinforced Concrete, specifications for, 1338-1342.

Trestles, 1343, 1344.



vi INDEX.

Retaining Walls and Abutments, 1317 1337.

Right-of-Way Gates, 876

Roadway, report on, <>i t>- 1 o<^> : discussion, 1097-1106.

Roberts, II. A., discussion on Slides and Washouts, 1062-1066.

R( ise, L. S., discussii >n :

On Records, Reports and Accounts, 871.

On Roadway, 1 106.

Roundhouses, roof design to provide ventilation, 1125.

Safford, H. R.. discussion on Records, Reports and Accounts. 870, 871.

872, 873, 874.

Salt at Switches, 883, 884.

Schneider, C. C, discussion on Masonry, 1430.

Screw-Spikes, use of, in foreign countries,

Selby, O. E., discussion on Waterways, 1016, 1017.

Screw Fastenings to Secure Rails to Ties, 1456-1548.

Signs, Fences, Crossings and Cattle-Guards, report on, 875-909; dis-

cussion, 910-917.

Slides and Washouts, 1023-1093.

Slifer, H. J., discussion on Slides and Washouts, 1066-1075.

Snow, J. P., discussion (see also under "The Vice-President" ) :

On Masonry, i-|22, 1423, 1424, 1427.

On Roadway, 1097.

On Slides and Washouts, 1075-1078.

Smoke Jacks, 1124-1125.

Snow Fence, permanent, 881, 885, 886, 887.

Hangers, 883.

Plows, 883, 886, 889, 890, 891.

Portable, 881, 888.

Sheds, 884, 886, 893-897.

Specifications, definition of, 1168.

Portland Cement Concrete and Reinforced Concrete, 1338-1342.

Steffens, W. F., discussion on Roadway, 1099, 1104, 1 105.

Stein. ('. II., discussion on Signs, Fences, Crossings and Cattle-Guards

913.

Storey, W. B., Jr., discussion:

On Buildings, 1 129.

On Waterways, 1017.

Sullivan, John (',., discussion on Roadway, 1017, 1106.

1'hompson, A. Wu discussion:

On Roadway, 1 100, 1 103.

On Slides and Washouts. 107S loSd.

Time Books, 837-865, 867, 868.



INDEX vii

Track Chart. 834-837.

Elevation and Depression, 923-925

Maps

["urneaure, F E., discussion on Impac Tests, [161-1163

U

Uniform General Contract Form-, reporl on [167 ^303; discussion,

[309

W
Walker, I (;., discussion on Waterways, 1017 1019

Washouts and Slides, 1:023 [°93-
'

Waterways, method for determining size of, 967-1022

Webb, Walter Loring, discussion on Roadway, F105

Wendt, Edwin F., discussion

:

On Buildings, 1 r.-iS, 1140.

i".
I Report; and Accounts, 873

On i- 1 106.

- Cro ings and I !attle-Guards, 017

houts, [086, 10S7

On Uniform General Contract Forms, 1308.

Wentwonh, C C, discussion on Waterways toig t02<

Whorey, W. H.. discussion on Waterways, 1017

Wiggins W. D., discussion on Slides and Washout-. [087-1089.

Will;.-
"

')., discussion on Signs. Fences, Crossings and Cattle

910, 912, 914, 915

. J E.. discussion

:

On Slid.:, and Washout-. 1

On Waterways, T020.

Win- Post, 892.

Wood, B. A., ( ; Waterways ro20 .022












